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SECURITY AWARENESS NOTICE 


This course does not contain any classified material. 


SAFETY NOTICE 


All personnel must be reminded personal injury, death, or equipment damage can result from 
carelessness, failure to comply with approved procedures, or violations of warnings, cautions, 
and safety regulations. 


SAFETY/HAZARD AWARENESS NOTICE 


a. Safe training is the number one goal. Each year at training commands, lives are lost and 
thousands of man-hours and millions of dollars are wasted as the result of accidents. Most of 
these accidents could have been prevented. They are the result of actions performed incorrectly, 
either knowingly or unknowingly, by people who fail to exercise sufficient foresight, lack the 
requisite training, knowledge, or motivation, or who fail to recognize and report hazards. 


b. А mishap is any unplanned or unexpected event causing personnel injury, occupational 
illness, death, material loss or damage, or an explosion whether damage occurs or not. 


c. А near miss or hazardous condition is any situation where, if allowed to go unchecked or 
uncorrected, has the potential to cause a mishap. 


а. Itis the responsibility of all Department of Defense personnel to report all mishaps and 
near misses. If a mishap, hazardous condition or near miss occurs let your instructor know 
immediately. 


е. | Students will report all hazardous conditions and near misses to the command high-risk 


safety officer via their divisional/departmental high-risk safety officer. Reports can be hand 
written on the appropriate form. Injuries shall be reported on the appropriate form. 


iv 


HOW ТО USE THIS WORKBOOK 


1. Read and become familiar with the objectives of each chapter. These objectives state the 
purpose of the chapter in terms of what you will be able to do as you complete the chapter. Most 
importantly, your end-of-course examination is developed directly from these objectives. 
Therefore, it is to your benefit to know all information the objectives are asking you to 
comprehend. 


2. Before the class presentation, read the information in each chapter using the objectives as а 
guide. Develop a list of questions about material that is unclear to you at this point. This 
practice will allow you to ask questions when the topic is covered during the classroom 
presentation, or at a later time with the instructor in a one-on-one setting. 


3. After the class presentation, re-read each chapter to ensure your comprehension of the 
subject material. If you desire further information, explanation, or clarification, consult the other 
resources available to you such as your Weather for Aircrews book, Internet web sites provided 
in Appendix D, and your instructor. 


4. Answer the questions provided in the “Study Questions” sections. These questions will 
help you recall the information presented in each chapter and serve as a practice for the 
examination. Check your answers to the Study Questions with those provided in Appendix E. If 
your answer to a question is incorrect, review the objective and information covering that subject 
area prior to continuing to the next chapter. “Good Luck.” 
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СНАРТЕК ОХЕ 

General Structure of the Atmosphere, and Atmospheric Temperature and Pressure 
100. INTRODUCTION 
The purpose of this assignment sheet is to introduce the student to the general composition and 
structure of the atmosphere, the properties of temperature and atmospheric pressure, and their 
effect on aircraft altimeters. 
This lesson will discuss the basic building blocks of the atmosphere, beginning with the lower 
layers in which most flight activity occurs. These layers have particular temperature 
characteristics affecting many aspects of weather and are important to the understanding of later 
chapters. Pressure is another characteristic of the atmosphere, which enables meteorologists to 
track weather phenomena as they move across the surface of the Earth. Additionally, pressure is 
important to the aviation community since one of the most basic flight instruments, the barometric 
altimeter, operates from the action of atmospheric pressure upon its sensors. Additionally, in 
order to gain a complete understanding of the altimeter, the effects of temperature and pressure 
variations on altimeter readings will be discussed. 
101. LESSON TOPIC LEARNING OBJECTIVES 
Terminal Objective: Completely supported by this lesson topic: 
2.0 Ороп completion of this unit of instruction, student aviators and flight officers will 
demonstrate knowledge of meteorological theory enabling them to make intelligent decisions 
when confronted with various weather phenomena and hazards. 
Enabling Objectives: Completely supported by this lesson topic: 


2.1 Describe the characteristics of the troposphere, tropopause, апа stratosphere. 


22 Describe the flight conditions associated with the troposphere, tropopause, and 
stratosphere. 


23 Define a lapse rate. 

2.4 State the average lapse rate in degrees Celsius. 

2.5 Define atmospheric pressure. 

2.6 State the standard units of pressure measurement. 

2.7 Define the standard atmosphere to include temperature and pressure. 


2.8 Differentiate between sea level pressure and station pressure. 
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2.9 Define indicated altitude, calibrated altitude, Mean Sea Level (MSL) altitude, Above 
Ground Level (AGL) altitude, pressure altitude, and density altitude. 


2.10 Describe the effects of pressure changes on aircraft altimeters. 


211 State the effects of temperature deviations from the standard lapse rate on aircraft 
altimeters. 


102. REFERENCES 

1. Weather for Aircrews, AFH 11-203, Volume 1, Chapters 1, 3, and 4. 

2. Aviation Weather for Pilots and Flight Operations Personnel, Chapters 1-3. 

103. STUDY ASSIGNMENT 

Review Chapter One and answer the study questions. 

104. THE ATMOSPHERE 

The atmosphere is the gaseous covering of the Earth. This envelope of air rotates with the Earth 
but also has a continuous motion relative to the Earth’s surface, called circulation. It is created 
primarily by the large temperature difference between the tropics and polar regions, and is 
complicated by uneven heating of land and water areas by the Sun. 


105. ATMOSPHERIC LAYERS 


If the Earth were compared to a baseball, the gaseous covering would be about as thick as the 
baseball’s cover (Figure 1-1). 


YOU WILL SEE 


BUT, IT’S TRUE PROPORTION 
а ТНЕ 


gee N Б” ATMOSPHERE | WOULD BE THINNER THAN EVEN 
2° алсын ТМО ИЕ а ке ЕЛЕК 
\ THIS WAY, | 


ТНЕ \ 
EARTH | 


The atmosphere is 
like the skin of a 
balloon - Not like 
this at all. 








Figure 1-1 Thickness of the Earth’s Atmosphere 


It is divided into layers that have certain properties and characteristics (Figure 1-2). The lowest 
two layers are the troposphere and stratosphere, with the tropopause being a region between these 
two. The troposphere is the layer adjacent to the Earth’s surface. It varies in height from an 
average 55,000 feet over the equator to 28,000 feet over the poles. 
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Figure 1-2 Two Lowest Atmospheric Layers and Lapse Rates 


The average height of the troposphere over the United States is 36,000 feet mean sea level (MSL), 
but pressure systems and seasonal differences cause a variance in the height. Due to heating, the 
troposphere extends to a greater height in summer than in winter. The atmosphere becomes less 
dense with altitude, and roughly 50% of it, by weight, lies below 18,000 feet and 90% within 
53,000 feet. Within the troposphere, the temperature normally decreases with increasing altitude. 
Large amounts of moisture and condensation nuclei are found in the troposphere because of its 
closeness to the Earth’s surface, and nearly all weather occurs here. Winds are generally light 
near the Earth’s surface and increase with altitude. Wind speeds over 200 knots may occur near 
the top of the troposphere. An abrupt change in the rate of temperature decrease with increasing 
altitude marks the boundary, called the tropopause. 


The tropopause is a transition zone between the troposphere and the stratosphere. The 
temperature in this layer is isothermal with altitude. As you can see from Figure 1-2 above, there 
is an abrupt change in the rate of temperature decrease with increasing altitude. The tropopause is 
important to aviators for several reasons. The strongest winds, those of the jet stream, occur just 
below the tropopause. Moderate to severe turbulence is sometimes associated with the wind shear 
caused by the jet stream. Contrails frequently form and persist near the tropopause since it is 
normally the coldest area within the lower atmosphere. While clouds and weather are generally 
confined to the troposphere, severe thunderstorm tops may penetrate the tropopause into the 
stratosphere. You can sometimes identify the tropopause while in-flight by the following 
characteristics: the average height of the tropopause over the US is 36,000 feet MSL, anvil tops 
of thunderstorms will spread out at the base of the tropopause, and a haze layer with a definite top 
frequently exists at the tropopause. 
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The stratosphere is the layer characterized by increasing temperature with increasing altitude. 
This increase in temperature is due to the gas ozone, which plays a major part in heating the air at 
this altitude. Flying in the stratosphere is generally smooth with excellent visibility. The air is 
thin and offers very little resistance to the aircraft. The general lack of weather in this layer 
makes for outstanding flying. 


106. COMPOSITION 


Air is a mixture of gases having weight, elasticity, and compressibility. Pure, dry air contains 
78% nitrogen, 21% oxygen, a 1% mixture of ten other gases. The atmosphere also contains water 
vapor ranging from 0% to 5% by volume. Water vapor (for ordinary considerations) acts as an 
independent gas mixed with air. 


The atmosphere appears clear, but it contains many nongaseous substances such as dust and salt 
particles, pollen, which are referred to as condensation nuclei. When these particles are relatively 
numerous, they appear as haze and reduce visibility. 


107. LAPSE RATES – TEMPERATURE AND PRESSURE 


The decrease in atmospheric temperature with increasing altitude is called the temperature lapse 
rate. In order to determine how temperature changes with increasing altitude, meteorologists send 
up a weather balloon to take the temperature (among other readings) at different altitudes. The 
resulting temperature profile is known as the environmental lapse rate (a.k.a. the existing lapse rate 
(ELR)). The average or standard lapse rate is 2°C (3.5°F) per 1000 feet. Even though this is the 
average lapse rate of the troposphere, close to the surface of the Earth the ELR may indicate an 
increase, decrease, or a constant temperature when measured at increasing altitudes. These 
different ELRs give meteorologists a clue to the type of weather that exists, and there are names 
for these various types of ELRs, as well. The standard lapse rate is actually a shallow lapse rate 
(between 1.5 and 3.0°C/1000 feet). Any lapse rate greater than 3° Celsius/1,000 feet is called a 
steep lapse rate. An isothermal lapse rate indicates the temperature is the same at different 
altitudes, and an inversion is a lapse rate where the temperature increases with increasing altitude, 
such as occurs in the stratosphere. Inversions can be anywhere from a few hundred to a few 
thousand feet thick, and stable conditions are generally found within them. These three major 
types of lapse rates (the standard, isothermal, and inverted) are shown in Figure 1-2 as a graph of 
temperature vs altitude overlaid on a profile of the atmosphere. 


Example of using standard lapse rates: If the temperature 15 —2°C at 8000 feet and the existing 
lapse rate is standard, at what altitude is the temperature +4°C? 


Algebraic difference of -2°C апа +4°C = 6°C = 3000 feet 
2°C/1000 feet 2°/1000 feet 


8000 feet - 3000 feet = 5000 feet 
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Temperature 


Aircraft altimeters are calibrated for a standard lapse rate. An incorrect altitude indication will 
result if the temperature deviates from the standard. For every 11°C that the temperature varies 
from the standard, the altimeter will be in error by 4%. Ifthe air is colder than the standard 
atmosphere, the aircraft will be lower than the altimeter indicates. If the air is warmer than 
standard, the aircraft will be higher than the altimeter indicates (Figures 1-3, 1-4, and 1-5). You 
may notice the rules presented in the pressure section, above, also apply to temperature 
deviations. 


Равы 


Warm Air 





Равы 


Cold Air 














Pensacola Sea level pressure at both towns is 1013.2mb Jacksonville 





Figure 1-3 Path of Aircraft Flying A Constant Indicated Altitude with Decreasing 
Temperature 


TEMPERATURE ALTIMETER ACTUAL MSL ALTITUDE 
CHANGE 





Flying from standard temp. | Indicates higher than actual Lower then indicated 


toward lower temp. 





Flying from standard temp. | Indicates lower than actual Higher than indicated 
toward higher temp. 











Figure 1-4 Temperature Deviation vs Indicated and MSL Altitude 


Figures 1-3 and 1-5 show that as you fly from warm to cold air, an altimeter will read too high 
and the aircraft is lower than the altimeter indicates. Over flat terrain, this lower true reading is 
no great problem; other aircraft in the vicinity are also flying indicated altitudes resulting from the 
same temperature and pressure conditions, and the altimeter readings are compatible because the 
errors result from the same conditions. 
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Figure 1-5 Temperature Deviation vs Indicated and MSL Altitude 


Since these deviations due to temperature are usually relatively small, these errors are often 
ignored in the early stages of flight training, and calibrated altitude is often treated directly as true 
altitude. However, toward the advanced stages, tactical accuracy becomes paramount, and 
temperature effects cannot be ignored. For example, when flying in cold weather over 
mountainous terrain, you must take this difference between indicated and true altitude into 
account by calculating a correction to the indicated altitude. 


Atmospheric Pressure 


Pressure is force per unit area. Atmospheric (barometric) pressure is the pressure exerted on a 
surface by the atmosphere due to the weight of the column of air directly above that surface. The 
average weight of air on a square inch of the Earth’s surface at sea level under standard conditions 
is 14.7 pounds. Pressure, unlike temperature, always decreases with altitude. In the lower layers 
of the atmosphere pressure decreases much more rapidly than it does at higher altitudes because 
density decreases as altitude increases. 


108. UNITS OF MEASUREMENT 


In the U.S., two units are used to measure and report atmospheric pressure: inches of mercury 
(in-Hg) and millibars (mb). Inches of mercury is a measure of the height of a column of mercury 
supported by atmospheric pressure. The millibar is a direct representation of pressure, which is 
defined as force per unit area. Normal sea level pressures in the atmosphere vary from as low as 
28 in-Hg (about 960 mb) to as high as 31 in-Hg (about 1060 mb). 


Some countries, particularly those using the metric system, use millibars for altimeter settings. 
However, in the United States and Canada altimeter settings are reported in inches of mercury. 
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109. THE STANDARD ATMOSPHERE 


For a standard reference, a concept called a standard day is used. In aviation, everything is related 
to standard day conditions at sea level, which are 29.92 in-Hg (1013.2 mb) and 15°C (59°F). In 
the lower atmosphere, and thus for most aviation applications, a 1000 foot increase in altitude will 
result in a pressure decrease of approximately 1 in-Hg (34 mb) and a temperature decrease of 2°C 
(3.5 °F). These values are the standard day pressure and temperature lapse rates. 


110. STATION AND SEA LEVEL PRESSURE 


Station pressure is the atmospheric pressure measured directly at an airfield or other weather 
station. Sea level pressure (or Reported Altimeter Setting) is the pressure measured from the 
existing weather if the station were at MSL. This can be measured directly at sea level, or 
calculated if the station is not at sea level using the standard pressure lapse rate. 


Surface analysis charts, such as the one in Figure 1-6, use MSL as the reference level for the 
depicted isobars (to provide a common reference), even though the pressure was first measured at 
a weather station. This is done so that daily pressure variations associated with weather systems 
can be tracked as they move across the country, as mentioned above. If, instead, station pressures 
were used, the pressure charts would depict the inverse of the land topography, reflecting the 
contour lines of a map. Mountain tops would always have lows over them, and valleys would 
have highs. In other words, high altitude stations such as Denver would always reflect lower 
pressure than surrounding stations at lower altitudes regardless of the day-to-day pressure 
variations that occur with passing weather systems. Thus, for pressure to be meaningful, all 
stations (even those far from the ocean) will report sea level pressure. 


To calculate sea level pressure use the formula: SLP = SP + Terrain correction (2 in-Hg/1000 feet). 


Example: Barometer reads 28.95 and elevation at the station is 1050 feet. 
SLP = 28.95 + 1.05 
SLP = 30.00 
Set 30.00 in your altimeter (Figure 1-7) 
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Figure 1-6 Pressure Systems 


111. PRESSURE CHARTS 


The pressure at the Earth’s surface changes for several reasons. The most noted reason is the 
movements of high and low pressure systems. The temperature and moisture content of air also 
affect surface pressures. 


Meteorologists track these different weather systems by noting the pressure each time a weather 
observation is made and then forwarding all observations to the National Weather Service (NWS). 
The NWS then plots the weather on various charts. The resulting horizontal distribution of 
pressure across the Earth’s surface is depicted on weather charts by isobars, or lines of equal 
barometric pressure (Figure 1-6). 


There are several standard types of pressure distribution patterns found on weather charts 

(Figure 1-6). A high-pressure area (or high), where the pressure in the center is higher than the 
surrounding areas, may be thought of as a mountain on a surface pressure chart. Similarly, a low- 
pressure area, where the pressure in the center is lower than the surrounding areas, may be 
thought of as a basin or valley. A ridge is an extension of a high-pressure area and a trough is an 
extension of a low-pressure area. There are certain characteristic winds and weather systems 
associated with these pressure systems. For example, poor weather such as found with fronts and 
squall lines are generally associated with troughs and lows, while good weather is associated with 
highs and ridges. 
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Figure 1-7 Barometric Altimeter (aka Pressure Altimeter) 
112. ALTITUDE MEASUREMENT 


Altitude is defined as the height above a given reference. The instrument displaying altitude in the 
cockpit is called an altimeter. The barometric altimeter is an aneroid barometer calibrated to display 
altitude in feet, as opposed to pressure in inches of mercury (Figure 1-7). Since an altitude includes 
not only the height number, but also the reference, altimeters have a Kollsman window that shows 
the reference pressure, known as the altimeter setting. The altimeter setting is the value to which the 
scale of the pressure altimeter is set so the altimeter indicates true altitude at field elevation. It is 
very nearly equal to the station pressure corrected to MSL pressure (not exact, but close enough for 
instructional purposes). An adjustment knob allows the altimeter setting to be changed. If the local 
altimeter setting is dialed in to the Kollsman window, the altimeter will indicate the altitude in feet 
above MSL. If 29.92 is set, the altimeter will indicate the altitude above the standard datum plane. 
MSL and pressure altitudes are the two altitudes most often displayed on the altimeter and are 
discussed in the next section. 


Altitudes 


Indicated altitude is the altitude read directly from the altimeter. Since altimeters need no power 
(except for lighting, they operate by measuring the outside pressure), they will always indicate 
some value. Figure 1-7 shows an indicated altitude of 5635 feet. For an indicated altitude to be 
useful, however, the altimeter needs to have the correct reference for the situation by dialing 
either the local altimeter setting or 29.92 in to the Kollsman window. This way, the indicated 
altitude will be equal to either the MSL or pressure altitude (still to be discussed). 
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To illustrate, if an aircraft is parked at Sherman Field with the local altimeter setting in the 
Kollsman window, the indicated altitude should be the same as the airfield elevation, and the 
indicated altitude will be an MSL altitude. Therefore, the altimeter should indicate approximately 
30 feet MSL since Sherman Field is 30 feet above mean sea level. 


Altimeters are subject to mechanical errors caused by installation, misalignment, and positioning 
of the static ports that measure the pressure. Collectively, these errors are referred to as 
instrument error. Instrument error is determined prior to takeoff by noting the difference between 
field elevation and indicated altitude. For example, an aircraft taking off from Sherman Field 
(elevation +30 feet MSL) with an indicated altitude of 70 feet would have an instrument error of 
+40 feet. If the instrument error is in excess of 75 feet, the aircraft is considered unsafe for 
instrument flight. Calibrated altitude is indicated altitude corrected for instrument error. 


True altitude is the actual height above mean sea level. It is found by correcting calibrated 
altitude for temperature deviations from the standard atmosphere. On a standard day, MSL/true 
altitude is equal to calibrated altitude. If there is no instrument error, true altitude would also be 
equal to indicated altitude. MSL altitude is very important since airfields, hazards, and terrain 
elevations are stated in feet above mean sea level. 


Above ground level (AGL) or absolute altitude is the aircraft’s height above the terrain directly 
beneath the aircraft and is measured in feet AGL. Absolute altitude is not normally displayed on 
a barometric altimeter, but it can be calculated by subtracting the terrain elevation from the true 
altitude. Additionally, it can be displayed directly on a radar altimeter. 


Pressure altitude is the height above the standard datum plane. The standard datum plane is the 
actual elevation above or below the Earth’s surface at which the barometric pressure is 29.92 in- 
Hg. Federal Aviation Rules (FAR) require all aircraft operating above 18,000 feet MSL set 29.92 
into the altimeter to ensure consistent altitude separation. Since most mountains in the U.S. are 
well below 18,000 feet MSL, there is less concern with terrain avoidance than with aircraft 
separation above that altitude. Thus, a pilot flying a pressure altitude will have an altimeter 
setting of 29.92 instead of the local altimeter setting. In short, a pressure altitude is the height 
above the place in the atmosphere where the pressure is 29.92 in-Hg. Whether this place is 
above, below, or coincides with sea level is of little concern. 


When aircraft fly pressure altitudes, they are assigned a flight level (FL) of three digits, 
representing hundreds of feet above 29.92. As an example, an aircraft assigned FL250 
(pronounced “flight level two five zero”) would be flying a pressure altitude, and the pilot would 
fly the aircraft so that the altimeter reads 25,000 feet with 29.92 in the Kollsman window. These 
above altitude definitions are illustrated in Figure 1-8. 
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Figure 1-8 Altitudes 


Density altitude (DA) is pressure altitude corrected for nonstandard temperature deviations. Ona 
hot day, air molecules are farther apart, decreasing the air density and increasing the density 
altitude. In this situation, the DA of an airfield would be higher than both the published field 
elevation and the pressure altitude. The opposite is true on a colder day: Increased air density 
causes a decreased density altitude and a DA lower than the published field elevation and the 
pressure altitude. 


DA is not a height reference; rather, it is an index to aircraft performance. It affects airfoil, 
engine, propeller, and rotor performance. Thrust is reduced because a jet engine has less mass 
(air) to compress. Lift is also reduced due to thinner air. Additionally, higher density altitudes 
result in longer takeoff and landing distances and a reduced rate of climb. Takeoff distances are 
longer since reduced thrust requires a longer distance to accelerate to takeoff speed. Landing 
distances are longer since a higher true airspeed is required to land at the same indicated airspeed. 
Climb rate is decreased because of reduced available thrust. At certain high density altitudes, 
takeoffs and/or single-engine flight (loss of one engine after becoming airborne) are not possible 
due to limitations of thrust, lift, and runway length. Figure 1-9 summarizes the effects of 
temperature on aircraft performance. Moisture affects aircraft performance in the same manner as 
temperature, but to a lesser degree. No instrument in the cockpit displays density altitude, it 
needs to be calculated. 
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HIGH TEMPERATURE OR LOW TEMPERATURE OR MOISTURE 
MOISTURE 


Lower Air Density Higher Air Density 

Higher Density Altitude Lower Density Altitude 
Decreased Thrust and Lift Increased Thrust and Lift 
Longer Takeoffs and Landings Shorter Takeoffs and Landings 




















Figure 1-9 Density Altitude Effects on Aircraft Performance 
113. ALTIMETER ERRORS 
Pressure 


When an aircraft flies from one place to another at a constant indicated altitude (by referencing 
the barometric altimeter), it is flying along a surface of constant pressure. Figure 1-10 shows the 
path of an aircraft as it follows such a constant pressure surface, done by flying a constant 
indicated altitude. As the sea level pressure on the surface decreases (all other conditions 
remaining the same), the whole column of air aloft is lowered, causing an aircraft flying at an 
assigned MSL altitude to descend to a lower AGL altitude. Only by updating the reference of the 
altimeter setting can this potential problem be eliminated, and a more constant AGL altitude can 
be maintained. 


911.5mb 


1013.2mb 


Pensacola Sea Level Jacksonville Sea 
Pressure 1033.5mb Pressure 999.7mb 





Figure 1-10 Path of Aircraft Flying a Constant Indicated Altitude with Decreasing Surface 
Pressure 
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This updating is accomplished via radio throughout the flight. Usually, when switching to a 
different air traffic controller, about every 50 - 100 miles, an updated altimeter setting will also be 
passed to the aircrew. This ensures all aircraft in a given area are flying at the correct altitudes 
(up to FL180). A change in pressure of 0.10 in-Hg will change the altimeter reading 100 feet. 
Therefore, it is imperative to receive a current altimeter setting at your destination prior to 
landing. If the altimeter is not adjusted and your flight path takes you into an area of lower MSL 
pressure the aircraft will be lower than the altimeter indicates. Conversely, if your flight path 
takes you into an area of higher MSL pressure, the aircraft will be higher than the altimeter 
indicates. These events are summarized by a set of rhymes, as well as by Figure 1-11. 


PRESSURE CHANGE ALTIMETER ACTUAL MSL ALTITUDE 


Flying toward lower MSL Indicates higher than actual Lower than indicated by the 
pressure altimeter 








Flying toward higher MSL Indicates lower than actual Higher than indicated by the 
pressure altimeter 











Figure 1-11 Pressure Change vs Indicated and MSL Altitude 
RULE: High to Low, look out below 
The aircraft is lower than indicated, thus the indicated altitude is higher than the aircraft. 
RULE: Low to High, plenty of sky 
The aircraft is higher than indicated, thus the indicated altitude is lower than the aircraft. 
It is quite common to confuse these two concepts. Remember, if you have a one inch decrease in 
barometric pressure your altimeter (1.е., indicated) will read 1000 feet higher. If this difference 
occurred gradually between two points you would fly to a 1000 foot lower true/MSL altitude 
because of your altimeter error. 
Temperature 
Pressure changes have a far greater effect on an altimeter error than temperature. Nevertheless, 
when the margin for error is low (extreme low altitude flight), temperature change needs to be 
taken into account. 
When accounting for altimeter error attributed to temperature use the rules shown for pressure 
above (High to Low). For example, when traveling from point A with a temperature of 70°F to 


point B with a temperature of 90°F, without updating the altimeter setting, you can expect to be 
higher than your altimeter is showing ("low to high, plenty of sky"). 
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STUDY QUESTIONS 


General Structure of the Atmosphere, and Atmospheric Temperature and Pressure 


1. At the top of the troposphere, there is a transition zone called the 





tropopause 

ozone layer 
atmospheric layer 
stratosphere 


ao Tf 


2. Тһе two lower layers of the atmosphere аге the 





tropopause and mesosphere 
troposphere and stratosphere 
tropopause and stratopause 
mesosphere and thermosphere 


aos 


3. | Which one of the following best describes the flight conditions found in the stratosphere? 


The strongest winds occur in the stratosphere. 

Contrails frequently form and persist in this part of the atmosphere. 
50% of the atmosphere, by weight, is found in the stratosphere. 

Flying in the stratosphere is generally smooth with excellent visibility. 


ao op 


4. What is the standard temperature lapse rate of the atmosphere in degrees Celsius per 
1000 feet? 


a. 1.5 
b. 20 
с. 3.0 
4. 3.5 


5. Using the standard lapse rate, a pilot flying at 10,000 feet MSL and at a temperature of -8°C 
should do what to find an altitude at which the temperature is +4 °C? 


Descend to approximately 2000 feet MSL. 
Descend to approximately 4000 feet MSL. 
Descend to approximately 6000 feet MSL. 
Climb to 15,000 feet MSL. 


ро ср 
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6. А condition where the air temperature aloft is higher than that of the lower atmosphere is 


generally referred to as 


со ср 





а low-pressure area 
turbulence 

a temperature inversion 
convection currents 


7. Which one of the following best describes the change in atmospheric pressure with 
increasing altitude? 


ро ср 


Increases 

Decreases 

May increase or decrease, depending on weather conditions 
Remains constant 


8. | Which one of the following correctly lists the standard day conditions of sea level pressure, 
temperature, pressure lapse rate, and temperature lapse rate? 





a. 30.00 in-Hg, 15°C, 1.5 in-Hg/1000 feet, 3.0°C/1000 feet 

b. 29.92 in-Hg, 59°C, 34 in-Hg/100 feet, 5°C/100 feet 

с. 29.92 in-Hg, 15°C, 1 in-Hg/1000 feet, 2°C/1000 feet 

d. 30.02 in-Hg, 20°С, 2 in-Hg/1000 feet, 1°C/1000 feet 
9. Тһе horizontal distribution of pressure on the Earth’s surface is depicted on weather charts 
by 

a. isotherms 

b. — isotachs 

с.  1sogonic lines 

d. isobars 


10. The weight of the air mass over any point on the Earth’s surface defines 


ро ср 





density altitude 
atmospheric pressure 
pressure altitude 

true weight 


11. The quantities 1013.2 mb and 29.92 in-Hg are two different expressions for the 


а. 
Б. 
с. 


4. 


atmospheric density at a standard air temperature of 15°C 

atmospheric pressure at sea level at an air temperature of 0°C 

standard atmospheric pressure at mean sea level and at a standard air temperature of 
15°С 

weight of the atmosphere at the surface of the Earth 
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12. Inthe lower 5000 feet of the atmosphere, a decrease of one inch of mercury in atmospheric 
pressure would cause a change in an altimeter reading of approximately feet (assuming 
constant elevation and altimeter setting). 


а. minus 100 
b. plus 100 

c. minus 1000 
d. plus 1000 


13. Which one of the following correctly describes the meteorological feature of a trough? 


а. An elongated area of relatively low pressure. 

b. An elongated area of relatively high pressure that extends from the center of a high 
pressure area. 

c. An area where the pressure in the center is higher than the surrounding areas. 

а. А long shallow often V-shaped receptacle for the drinking water or feed of domestic 
animals. 


14. Which one of the following items would have a value closest to that used as а Kollsman 
window setting for an altimeter in the U.S. (assuming an airfield above sea level)? 


Station pressure 
Station temperature 
AGL pressure 

Sea level pressure 


ро ср 


15. Тһе height of an aircraft above the ground is known as 





MSL/True altitude 

AGL/absolute altitude 
indicated altitude (IA) 
pressure altitude (PA) 


ao Tf 


16. Which one of the following types of altitudes would be assigned in the U.S. above 
18,000 feet MSL? 


MSL/True altitude 

AGL/absolute altitude 
Indicated altitude (IA) 
Pressure altitude (PA) 


ро ср 


17. Density altitude is 





the same as an MSL/True altitude 

pressure altitude corrected for nonstandard field elevations 
an indicator of aircraft performance 

the height above the standard datum plane 


ро ср 
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Situation for items 18-20: 


The altimeter setting at Randolph AFB is 29.85 in-Hg, and at Vance AFB it is 30.15 in-Hg. A 
pilot sets the altimeter correctly at Randolph and flies to Vance at an indicated altitude of 5000 
feet without changing the altimeter setting. 


18. Assuming a standard lapse rate, what is the MSL/true altitude when flying over Vance at the 
assigned indicated altitude? 


а. 4700 feet 
b. 5000 feet 
c. 5030 feet 
а. 5300 feet 


19. If Vance’s elevation is 1307 feet MSL, what is the AGL/absolute altitude over Vance? 


a. 3393 feet 
b. 3693 feet 
c. 3723 feet 
d. 3993 feet 


20. Ifthe pilot lands successfully at Vance (elevation 1307 feet MSL) without resetting the 
altimeter, what altitude will the altimeter indicate? 


а. 0 feet 

b. 1007 feet 
с. 1307 feet 
а. 1607 feet 


21. When flying a constant indicated altitude of 4000 feet from an area where the outside air 
temperature is 10°C to an area that is 15°C, the aircraft would be at 





a lower altitude than indicated 
the altitude indicated 

a higher altitude than indicated 
the absolute altitude 


aos 
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CHAPTER TWO 
Atmospheric Mechanics of Winds, Clouds and Moisture, and Atmospheric Stability 


200. INTRODUCTION 


This chapter introduces the student to the concepts associated with large- and small-scale wind 
systems, the relationship between atmospheric temperature, moisture content, major cloud types, 
and their effects on flight, as well as the various terms and requirements used to describe 
atmospheric stability and instability. 


Additionally, it covers a wide range of topics basic to the understanding of weather phenomena. 
After an introduction to the meteorological station model, used in this chapter mainly to show 
wind direction in diagrams, we build upon the pressure basics presented in Chapter One to 
determine why winds blow in the particular direction that they do. To keep our analysis as 
simple as possible, we will focus only on winds in the Northern Hemisphere. Since winds and 
some forces in the Southern Hemisphere are a mirror image, discussing both patterns at this stage 
would unnecessarily complicate things for a first-time introduction to weather. 


The next topic covered is atmospheric moisture. Since most weather hazards have something to 
do with moisture, it is important to understand how air becomes saturated, and how this will 
affect the formation of clouds, fog, and precipitation. In fact, the two main types of precipitation 
match up with two types of clouds. Clouds are classified according to the altitude of their bases, 
and this chapter covers four major types of cloud. Eventually (and usually more often than 
desired) all aviators will fly into clouds and thus an understanding of cloud composition and 
activity will be essential to this course. 


Cloud types can be a visual signal of atmospheric stability or instability. These two conditions 
can be a further indication to meteorologists as well as to aircrew regarding the various weather 
and flight conditions that may be encountered. There can be great differences in the expected 
weather found between stable and unstable conditions, each with their own particular hazards to 
flight. Consequently, knowing the relationships between atmospheric stability and flight 
conditions could prove invaluable to an aviator. 

201. LESSON TOPIC LEARNING OBJECTIVES 

Terminal Objective: Partially supported by this lesson topic: 

2.0 Ороп completion of this unit of instruction, student aviators and flight officers will 
demonstrate knowledge of meteorological theory enabling them to make intelligent 
decisions when confronted with various weather phenomena and hazards. 

Enabling Objectives: Completely supported by this lesson topic: 


2.12 Explain the term pressure gradient. 


2.13 Explain Coriolis force and its apparent effect on wind. 
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2.14 Explain and identify gradient winds with respect to the isobars around high and low 
pressure systems in the Northern Hemisphere. 


2.15 Define Buys Ballot’s Law. 


2.16 Explain and identify the surface wind direction with respect to the gradient winds in a 
high and low-pressure system in the Northern Hemisphere. 


2.17 Describe the jet stream. 

2.18 Describe sea breezes and land breezes. 

2.19 Describe valley and mountain winds. 

2.20 Define saturation, dew point temperature, dew point depression, and relative humidity. 


2.21 State the relationships between saturation, air temperature, dew point temperature, and 
dew point depression necessary for the formation of clouds, fog, and precipitation. 


2.22 Describe the three characteristics of precipitation. 

2.23 Describe the types of precipitation. 

2.24 Identify the four principal cloud groups. 

2.25 Identify the weather conditions associated with various clouds and types of precipitation. 
2.26 Describe atmospheric stability, instability, and neutral stability. 

2.27 Describe the four types of lifting. 


2.28 Identify the flight conditions associated with a stable and unstable atmosphere including 
cloud type, turbulence, precipitation, visibility, winds, and icing. 


202. REFERENCES 

Weather for Air Crews, AFH 11-203, Volume 1, Chapters 2, 5, 6, and 9 
203. STUDY ASSIGNMENT 

Review Chapter Two and answer the Study Questions. 

204. WINDS 


Understanding the causes of wind and wind direction is essential to the safe operation of an 
aircraft. Takeoffs and landings are best performed into a headwind, whereas landing with a 
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strong crosswind сап be dangerous, to say the least. Additionally, the circulation of air brings 
about changes in weather by transporting water vapor. Therefore, wind plays an important role 
in the formation of fog, clouds, and precipitation. 


So how does one determine the wind direction? Wind direction is always expressed in terms of 
the direction from which it is blowing. This convention holds throughout the world-- civilian or 
military, weather or navigation, aviation or sailing -- wind always blows from a particular 
direction. Thus, it would be best for a student to master this particular concept as early as 
possible in a career where wind is an everyday concern. 


There are many different ways weather phenomenon, such as wind, are annotated on charts or in 
print. One of these methods is the use of a station model. 


205. STATION MODELS 


Some weather charts display the information gathered from individual weather stations through 
the use of the station model, shown in Figure 2-1. This model begins with a circle (or a square 
for automated stations) at the center to represent the location of the station that issued the 
weather report. Around the station symbol, data describing wind, temperatures, weather, and 
pressures are displayed in a pictorial shorthand (Figure 2-2) to provide the maximum amount of 
data in a minimum of space. 


Wind Direction: 330 Wind Speed: 65 kts 


Sea Level Pressure: 1014.7 mb 


Temperatu ы. 


34 147 


Present Weather—> x 


32 +28 / 
Dew pone 


Pressure Change (3 hrs) 
Sky Cover 





Figure 2-1 Station Model Explanation 


Another noticeable feature of the station model is a line coming out of the circle indicating the 
wind direction. Since the station models are aligned for ease of reading, north is at the top of the 
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page. Therefore, in Figure 2-1, the winds are from the northwest. At the end of this stick are any 
numbers of barbs, which come in three shapes, to indicate the wind speed. A long barb 
represents 10 knots, short barbs are 5 knots, and pennants are 50 knots. 

The numbers to the left of the station symbol indicate the temperature (top left) and dew point 
(bottom left). In between the temperature and dew point, there may be a symbol from Figure 2-2 
representing the present weather at the station. Additionally, the circle (or square) may be filled 


in to represent the amount of sky covered by clouds, in eighths. An empty circle means clear 
skies, while a fully darkened circle indicates a completely overcast sky (also from Figure 2-2). 


MANUAL 
| sxvconpirion | PRESENT WEATHER PRESENT TENDENCY 


Ф 
RISING, THEN 
@ RAIN V RAIN SHOWERS FALLING fo) 
9 ORIZZLE ж HURRICANE ' ким 
1/8 TO 4/8 
INCLUSIVE 
ech ca ЭЄ snow 57 зам / RISING (+) 
FALLING, THEN 
58 TO 7/8 Avr PELLETS УС Funnet coup RISING G) 
INCLUSIVE 
(BROKEN) 
A 
ТАЕ BLOWING SNow |--- STEADY 


FALLING, THEN 
NY rreezne огл узо 0997 STEADY (-) 


OBSCURED 
NY NY FREEZING RAIN DUST DEVIL FALLING (-) 


RISING, THEN 


DATA MISSING Š SNOW SHOWERS (wv SMOKE ` FALLING (-) 


(%) HIGHER THAN 
3 HOURS AGO 


SKY OBSCURED 
OR PARTIALLY 


pens FALLING, THEN 
е шік oe 


THUNDERSTORM 
oe HAZE 
AND RAIN () LOWER THAN 


3 HOURS AGO 





Figure 2-2 Major Station Model Symbols 


The right-hand side of the station model describes the pressure at the station. On the top right, 
there will be three digits to represent the sea level pressure (SLP) in millibars and tenths. Since 
SLP will always be somewhere around 1000 millibars, the hundreds digit (and thousands, if 
present) is dropped, and the decimal point is also omitted. Thus, depicted pressures beginning 
with large numbers (such as a 9) really start with a hidden “9” and pressures beginning with 
small numbers (such as a 1) actually have a “10” in front of them. Below the current SLP is the 
pressure tendency over the last three hours, beginning with a (+) or (-) sign to denote an overall 
rise or fall, and then the value of that total pressure change. After this notation is a set of two 
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connected line segments graphically showing the pressure change over those three hours, as 
indicated on the right-hand side of Figure 2-2. 


206. LARGE SCALE WIND PATTERNS 


Now that we have discussed station models, it may be easier to understand how pressure and 
wind fit together by imagining how a surface analysis chart is constructed (Figure 2-3). While 
most of these are built automatically by computer, picture a meteorologist at the National 
Weather Service starting with a U.S. map covered only with station models. The first thing 
he/she would do is to start playing “connect the dots” by finding stations with the same 
pressures, and drawing isobars between them (as discussed in Chapter One). These isobars are 
drawn, as a standard, with four millibars of space between each line, and they are labeled 
accordingly. At this point, it would become clear where the low and high-pressure systems are 
located, and he/she could draw either a big red “L” or a blue “H” to signify these locations. 
Finally, he/she could draw other symbols, such as fronts and troughs, as needed, depending on 
the chart type. We now have enough of a picture to move onward in the discussion of winds. 


Notice the winds in Figure 2-3 are moving in generally the same direction in the areas between 
each of the pressure systems. If you look closely, you may even notice the winds are moving 
almost parallel to the isobars, in most situations. After enough observation, you may also 
recognize a pattern of air circulation around high- and low-pressure systems. In fact, each of 
these characteristics is a result of pressure differences causing the air to circulate in a consistent 
pattern: parallel (or almost parallel) to isobars, clockwise around high pressure, and 
counterclockwise around low pressure. Next, we will discuss why winds blow in this fashion. 
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NATIONAL WEATHER SERVIC 
18002 FEB 12 2012 
53 NMC SFC ANAL 





Figure 2-3 Typical Surface Analysis Chart 
Pressure Gradients 


The spacing of isobars indicates the rate of pressure change over a horizontal distance. In 

Figure 2-4, the isobars are more closely spaced to the east than they are to the west, indicating 
that pressure changes more rapidly on the eastern side. The rate of pressure change in a direction 
perpendicular to the isobars (horizontal distance) is called the pressure gradient and this isobar 
spacing represents the size of the pressure gradient force (PGF). The PGF is steep or strong, 
when isobars are close together and is shallow or weak, when the isobars are far apart; the 
steeper the gradient, the stronger the winds. The PGF is the initial movement of air from high 
pressure to low pressure, thus it is the initiating force for wind. 
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WEAK OR SHALLOW STRONG OR STEEP 
PRESSURE GRADIENT PRESSURE GRADIENT 





Figure 2-4 Pressure Gradient Force 


Atmospheric circulation moves air in mainly two ways: ascending and descending currents. 
When the air descends, the downward force against the Earth creates a high-pressure system on 
the surface. The air then can only spread out and diverge, moving across the surface of the 
Earth, producing the horizontal flow of air known as wind. Likewise, air moving upward away 
from the Earth, results in a low at the surface and tries to converge toward the center of the low, 
also producing wind. 


However, the wind cannot and does not blow straight out of a high into a low. These motions 
are the result of the pressure gradient force (Figure 2-5). 


Pressure Gradient Force 


erpendicular to lsobars 
Into Low Pressure 
Out of High Pressure 





Figure 2-5 Pressure Gradient Force 
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Gradient Winds 


While the pressure gradient force causes air to flow from high- to low-pressure across the isobar 
pattern, another force acts upon the wind to determine its direction. The Coriolis force, created 
by the Earth’s rotation, diverts the air to the right—with respect to its initial direction of motion— 
regardless of whether the air is near a high- or low-pressure system. The result of these two 
forces is the gradient winds, which flow perpendicular to the pressure gradient force. This 
means gradient winds flow parallel to the isobars (Figure 2-6) and results in circulation flowing 
clockwise around highs and counterclockwise around lows. Finally, gradient winds are found 
above 2000 feet AGL. 


Gradient Winds: Above 2,000" AGL 
теа. 


YHA N WY 


ж “> 222, 
Parallel to ІвоБагв 
CCW around Lows 
CW around Highs 


Figure 2-6 Gradient Winds Flow Parallel to Isobars (Found Aloft) 





Surface Winds 


When we consider winds below 2000 feet AGL, we cannot ignore the role of surface friction in 
the analysis of wind direction. Surface friction reduces the speed of the wind, which causes a 
reduction in the Coriolis force. This results in a different set of forces that must be balanced: the 
PGF, Coriolis force, and friction. When the new balance of forces is reached, the air blows at an 
angle across the isobars from high pressure to low pressure. This angle varies as a result of the 
type of terrain, but for our purposes, we will assume a 45° angle (Figure 2-7). Another way to 
think of this effect is that the Coriolis force still tries to turn the wind to the right, from its initial 
intended direction of the PGF, but it does not turn to the right quite as much as with gradient 
winds. Thus, surface winds still move clockwise around highs, and counterclockwise around 
lows, but since they blow across the isobars at a 45° angle, they also have a component of 
motion that moves air out of the high pressure and into the low. Thus, given a gradient wind we 
can calculate the appropriate surface winds as shown in Figure 2-8. 
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Surface Winds: Below 2,000' AGL 


“Crossing Іѕобагѕ (45 ) 
CCW around and into Lows 
CW around and out of Highs 





Figure 2-7 Surface Winds are Deflected Across Isobars Towards Lower Pressure 


Gradient: 


Surface: 





Figure 2-8 Surface Winds Relates to Gradient Wind Above It 
Buys Ballot’s Law, A Rule Of Thumb 


A rule of thumb to help remember the direction of the wind in relation to a pressure system is 
Buys Ballot’s Law. This law states that if the wind is at your back, the area of lower pressure 
will be to your left. When standing on the Earth’s surface, the low will be slightly forward or 
directly left because the winds flow across the isobars. 


Movement of Pressure Systems and Large Scale Wind Patterns 


Weather in the Temperate Zone (which includes the U.S.) and farther north changes almost 
constantly with the passage of highs and lows. These migrating systems move from west to east 
with the prevailing westerly winds. They are accompanied by wind shifts, and with some 
exceptions, large and rapid changes in temperature and broad areas of precipitation. These 
systems furnish the most significant means of heat transfer between high and low latitudes. 


The Jet Stream 


Wind speeds generally increase with height through the troposphere, reaching a maximum near 
the tropopause, and often culminating in the jet stream. The jet stream is a narrow band of strong 
winds of 50 knots or more that meanders vertically and horizontally around the hemisphere in 
wave-like patterns. The jet streams (polar and subtropical) have a profound influence on weather 
patterns. 
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These winds average about 100 to 150 knots but may reach speeds in excess of 250 knots 
(Figure 2-9). Since the jet stream is stronger in some places than in others, it rarely encircles the 
entire hemisphere as a continuous river of wind. More frequently, it is found in segments from 
1000 to 3000 miles in length, 100 to 400 miles in width, and 3000 to 7000 feet in depth. 


The average height of jet stream winds is about 30,000 feet MSL, but they can be above or below 
this level depending on the latitude and the season. During the winter, the position of the jet 
stream is further south, the core rises to higher altitudes, and its speed is faster than in the 
summer. 


EAST 


Wind shear occurs in areas where the 


25,000FT TO wind velocities are different 
35,000FT ALTITUDE 
25,000 FT ТО 
30,000 FT 


ALTITUDE 





Figure 2-9 Jet Stream 


The existence of jet streams at operational altitudes requires additional aircrew flight planning 
consideration. The greater headwind component for westbound aircraft will increase fuel 
consumption and may require additional alternate landing fields along the route. Wind shear 
associated with the jet stream may also cause turbulence, forcing the aircrew to change altitude 
or course. 


Local Winds 
The term “local,” in the case of wind systems, applies to areas whose sizes range from tens of 
miles across, to long, geographically thin areas. The local wind systems created by mountains, 


valleys, and water masses are superimposed on the general wind systems and may cause 
significant changes in the weather. 
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Sea and Land Breezes 


The differences in the specific heat of land and water cause land surfaces to warm and cool more 
rapidly than water surfaces through insolation and terrestrial radiation. Therefore, land is 
normally warmer than the ocean during the day and colder at night. This difference in 
temperature is more noticeable during the summer and when there is little horizontal transport of 
air in the lower levels of the atmosphere. In coastal areas, this difference of temperature creates 
a tendency for the warmer, less dense air to rise, and the cooler, denser air to sink, which 
produces a pressure gradient. During the day, the pressure over the warm land becomes lower 
than over the colder water. The cool air over the water moves toward the lower pressure, 
replacing the warm air over the land that moved upward. The resulting onshore wind, blowing 
from the sea, is called a sea breeze, with speeds sometimes reaching 15 to 20 knots (Figure 2- 
10). 


» Ф: heated over land 
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Cooler air over water 
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es 
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Figure 2-10 Sea Breeze 


At night, the circulation is reversed so that the air movement is from land to sea, producing an 
offshore wind called the land breeze (Figure 2-10). The sea breezes are usually stronger than the 
land breezes, but they seldom penetrate far inland. Land and sea breezes are shallow in depth, 
and should be considered during takeoff and landing near large lakes and oceans. 
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Figure 2-11 Land Breeze 
Mountain and Valley Winds 


In the daytime, mountain slopes are heated by the Sun’s radiation, and in turn, they heat the 
adjacent air through conduction. This air usually becomes warmer than air farther away from the 
slope at the same altitude and, since warmer air is less dense, it begins to rise (Figure 2-10). It 
cools while moving away from the warm ground, increasing its density. It then settles downward, 
towards the valley floor, completing a pattern of circulation. This downward motion forces the 
warmer air near the ground up the mountain and since it is then flowing from the valley, it is 
called a valley wind. 


valley breeze mountain breeze 





Figure 2-12 Mountain and Valley Winds 
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At night, the air in contact with the mountain slope is cooled by outgoing terrestrial radiation and 
becomes more dense than the surrounding air. As the denser air flows downhill, from the top of 
the mountain, it is called the mountain wind, and a circulation opposite to the daytime pattern 
forms. 


These winds are of particular importance for light aircraft, helicopter, and low-level operations. 
In mountainous areas where the performance of some fixed-wing aircraft or helicopters is 
marginal, the location of mountain and valley winds can be critical. 


Atmospheric Moisture 


Moisture is water in any of its three states: solid, liquid, or gas. As water changes from one state 
to another, it releases (or absorbs) heat to (or from) the atmosphere. For example, when water in 
the atmosphere freezes, it releases heat into the air, and the air becomes warmer. Air can hold 
only a certain amount of water depending on the air temperature. The higher the temperature, 
the more water vapor the air can hold (Figure 2-13). The air reaches saturation when it contains 
the maximum amount of water vapor for that temperature. 


High 


Temperature Temperature Temperature 





Figure 2-13 Dots Illustrate the Increased Water Vapor Capacity of Warmer Air 


The dew point temperature (Tp) is the temperature at which saturation occurs. The dew point is 
a direct indication of the amount of moisture present in the air. The higher the dew point, the 
greater chances for clouds, fog, or precipitation. 


If there is a difference between the air temperature and the dew point temperature, this is known 
as the dew point depression or dew point spread, and the dew point will always be the lower of 
the two. The dew point can never be higher than the air temperature, only equal to or less than. 
This spread provides a good indication of how close the atmosphere is to the point of saturation. 
When the dew point depression reaches about 4°F, the air is holding close to the maximum 
amount of water vapor possible. If this spread continues to decrease, moisture will begin to 
condense from the vapor state to the liquid or solid state and become visible. This visible 
moisture can form dew or frost on exposed surfaces, fog near the ground, or clouds higher in the 
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atmosphere. Saturation occurs when the dew point and the air temperature are equal. This can 
occur either by raising the dew point (evaporation) or lowering the air temperature (cooling). 


Another measure of atmospheric moisture is the relative humidity (RH), which is the percent of 
saturation of the air. The air can become saturated (RH = 100%) by one of two ways. If the air is 
cooled, the falling air temperature decreases the dew point spread closer to zero, while the RH 
rises closer to 100%. If evaporation occurs, this adds moisture to the atmosphere, increasing the 
dew point, which again lowers the dew point spread and increases the RH. Once the dew point 
spread reaches 4°F, the RH will be 90%, and the water vapor will begin to condense into fog or 
clouds. Any further cooling or evaporation will produce precipitation, as there will be more 
water present in the air than it can hold. 


207. CHARACTERISTICS AND TYPES OF PRECIPITATION 

The characteristics and types of precipitation reveal information about various atmospheric 
processes. The nature of precipitation may give a clue about a cloud’s vertical and horizontal 
structure or indicate the presence of another cloud deck aloft. The three characteristics of 


precipitation are: 


1. | Showers - Characterized by a sudden beginning and ending, and abruptly changing 
intensity and/or sky conditions. Showers are associated with cumuliform clouds. 


2. Continuous - Also known as steady (not showery). Intensity changes gradually, if at all. 
Continuous or steady precipitation is associated with stratiform clouds. 


3. Intermittent - Stops and restarts at least once during the hour. Intermittent precipitation 
may be showery or steady, and therefore may be associated with cumuliform or stratiform 


clouds. 


Precipitation takes many forms. A few of the more common types of precipitation are mentioned 
here. 


1. Drizzle – Very small droplets of water that appear to float in the atmosphere. 
2. Freezing drizzle — Drizzle that freezes on impact with objects. 


3. Rain – Precipitation in the form of water droplets that are larger than drizzle and fall to the 
ground. 


4. Freezing rain — Rain that freezes on impact with objects. 
5. На or graupel — A form of precipitation composed of irregular lumps of ice that develop 
in severe thunderstorms, consisting of alternate opaque and clear layers of ice in most cases. 


Water drops, which are carried upward by vertical currents, freeze into ice pellets, start falling, 
accumulate a coating of water, and are carried upward again, causing the water to freeze. A 
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repetition of this process increases the size of the hailstone. It does not lead to the formation of 
structural ice, but it can cause structural damage to aircraft. 


6. Ice pellets or sleet — Small translucent and irregularly shaped particles of ice. They form 
when rain falls through air with temperatures below freezing. They usually bounce when hitting 
hard ground and make a noise on impact. Ice pellets do not produce structural icing unless 
mixed with super-cooled water. 


7. Snow — White or translucent ice crystals, usually of branched hexagonal or star-like form 
that connect to one another forming snowflakes. When condensation takes place at temperatures 
below freezing, water vapor changes directly into minute ice crystals. A number of these crystals 
unite to form a single snowflake. Partially melted, or “wet” snow, can lead to structural icing. 


8. Snow grains — Very small white, opaque grains of ice. When the grains hit the ground, 
they do not bounce or shatter. They usually fall in small quantities from stratus-type clouds, 
never as showers. 


Precipitation, depending on the type and intensity, affects aviation in many ways: 


Visibility in light rain or drizzle is somewhat restricted. In heavy rain or drizzle, it may drop to a 
few hundred feet. Rain or drizzle streaming across a windscreen further restricts forward 
visibility. Snow can greatly reduce visibility and can lead to a total lack of forward vision. 


Very heavy rain falling on a runway may cause hydroplaning. During hydroplaning, the tires are 
completely separated from the runway surface by a thin film of water. Tire traction becomes 
negligible and the wheels may stop rotating. The tires now provide no braking capability and do 
not contribute to directional control of the aircraft. Loss of control may result. 


If there is enough wet snow on the runway, it tends to pile up ahead of the tires during takeoff. 
This creates sufficient friction to keep the aircraft from reaching rotation speed and becoming 
airborne. 


Heavy rain ingested into the engines of a jet or turboprop aircraft in flight can cause power loss 
or even flameout. 


Hail can cause serious damage to any aircraft, but so can rain if it is penetrated at very high 
speed. 


Clouds 
Clouds may be defined as the visible manifestation of weather. With some knowledge of the 
weather conditions that cause clouds to develop, a pilot can get an excellent picture of the 


weather environment and can make a reasonable forecast of the weather conditions to follow. 
The most important element in the formation of clouds is water vapor. 
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General Theory of Clouds 


Clouds are condensed water vapor, consisting of water droplets or ice crystals. They form when 
the air becomes saturated either by being cooled to the dew point or through the addition of 
moisture. Most clouds are the result of cooling from some lifting process, such as surface 
heating. The excess moisture condenses on minute particles in the atmosphere, thus forming 
droplets. 


Condensation Nuclei 

Water vapor requires a surface on which to condense. An abundance of microscopic solid 
particles, called condensation nuclei, are suspended in the air and provide condensation surfaces. 
Condensation nuclei consist of dust, salt crystals from the sea, acid salts from industrial waste, 
ash and soot from volcanoes and forest fires, rock particles from wind erosion, and organic 
matter from forests and grass lands. The most effective condensation nuclei are the various salts 
since they can induce condensation even when air is almost, but not completely, saturated. 
208. TYPES OF CLOUDS 

Clouds provide visible evidence of the atmosphere’s motions, water content, and degree of 
stability and are therefore weather signposts in the sky. They can be numerous, widespread, 
form at very low levels, or show extensive vertical development. 

Knowledge of principal cloud types helps the aircrew member when being briefed to visualize 
expected weather conditions. Additionally, knowledge of cloud types helps the pilot recognize 
potential weather hazards in flight. Clouds are classified according to their appearance, form, 
and altitude of their bases, and may be divided into four groups: 

1. Low clouds, ranging from just above the surface to 6500 feet AGL. 

2. Middle clouds with bases between 6500 and 20,000 feet AGL. 

3. High clouds with bases usually above 16,000 feet AGL. 

4. Special clouds with extensive vertical development. 

The height of the cloud base, not the top, determines the classification. A cloud with a base at 
5000 feet AGL and a top at 8000 feet AGL is classified as a low cloud. Each group is 
subdivided by appearance. There are two principal cloud forms: 


1. Cumuliform — A lumpy, billowy cloud with a base showing a definite pattern or structure. 


2. Stratiform — A cloud with a uniform base, formed in horizontal, sheet-like layers. 
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Low Clouds 


Cloud bases in this category range from just above the surface to 6500 feet AGL (Figure 2-14). 
Low clouds are mainly composed of water droplets. The low clouds have no special prefix 
attached to their name. However, if the word nimbo or nimbus appears, beware, these clouds are 
producing violent or heavy precipitation. 


Nimbostratus, a stratiform cloud, produces heavy steady precipitation. 





Figure 2-14 Stratus 


Low clouds frequently present serious hazards to flying. The most serious hazard is the 
proximity of the cloud base to the surface of the Earth. Some of the low cloud types hide hills, 
making a collision with the terrain a very real danger, and visibility within low clouds is very 
poor. Low clouds may also hide thunderstorms. If the clouds are at or below freezing 
temperatures, icing may result. Icing accumulates faster in low clouds since they are generally 
denser than middle and high clouds. Turbulence varies from none to moderate. Expect 
turbulence in and below the clouds. Precipitation from low clouds is generally light rain or 
drizzle. 
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Middle Clouds 


In this category, cloud bases form between 6500 and 20,000 feet AGL. The names of the middle 
clouds will contain the prefix alto- (Figure 2-15). They are composed of ice crystals, water 
droplets, or a mixture of the two. 


A special cloud, altocumulus, produces continuous rain, snow, or ice pellets. The cloud base will 
extend down to about 1000 feet AGL and fog is often present. Expect poor visibility and low 
ceilings with very slow clearing. 


KOPF 





Figure 2-15 Altocumulus Clouds 


Visibility in middle clouds varies depending on cloud density from 1/2 mile to a few feet. 
Turbulence may be encountered in middle clouds. Frequently these clouds are dark and 
turbulent enough to make formation flying difficult. Icing is common due to the presence of 
super-cooled water droplets. Rain, rain and snow mixed, or snow can be encountered in thick 
middle clouds. 


Virga is rain or snow that evaporates before reaching the ground and may be encountered below 
these clouds. 


High Clouds 


In this category, cloud bases average 20,000 to 40,000 feet AGL. The names of the high clouds 
will contain the prefix cirro- or the word cirrus (Figure 2-16). 


High clouds have little effect on flying except for moderate turbulence and limited visibility 
associated with dense jet stream cirrus. Since high clouds are composed mostly of ice crystals, 
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they have no precipitation and do not constitute an icing hazard. Severe or extreme turbulence is 
often found in the anvil cirrus of thunderstorms. 





Figure 2-16 Cirrus Clouds 
Special Clouds with Extensive Vertical Development 
This category consists of towering cumulus and cumulonimbus clouds. The base of these clouds 


is found at the low to middle cloud heights and their tops extend through the high cloud category. 
Figure 2-17 shows cumulonimbus clouds. 





Figure 2-17 Cumulonimbus Clouds 
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Towering cumulus are clouds nearing the thunderstorm stage. They can produce heavy rain 
showers and moderate turbulence in and near the cloud. Icing is common above the freezing 
level. 


Cumulonimbus clouds are thunderstorm clouds. A cumulonimbus cloud is sometimes referred to 
as а “СВ.” Cumulonimbus is an exceedingly dangerous cloud, with numerous hazards to flight 
such as severe to extreme turbulence, hail, icing, lightning, and other hazards discussed in 
Chapter Four. Figure 2-18 summarizes the weather conditions found in the various types of 
clouds. 


Cloud Groups 





High Clouds | Middle Clouds Low Clouds Clouds with Extensive 
Vertical Development 





Visibility Good to Fair | 1/2 mile to а few feet | A few feet A few feet 





Icing None to Light | None to Moderate None to Severe 
Moderate 





Turbulence | None to Light | None to Moderate None to Severe 
Moderate 

















Figure 2-18 Cloud Families 
209. ATMOSPHERIC STABILITY 


One of the most important meteorological considerations to a pilot is stability. Atmospheric 
stability is one of the primary determinants of weather encountered in flight. In some cases, a 
pilot may be able to determine if stable or unstable conditions exist along the route of flight. 


There are three conditions of stability: stable, neutral stable, and unstable. We will consider each 
of these individually by observing a ball inside a bowl. If the ball is displaced, and tends to 
return to its original position, the ball is said to be stable (Figure 2-19). 


TENDENCY TO RETURN 
TO EQUILIBRIUM 
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Figure 2-19 Stable 
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If a ball on a flat table is displaced, it will tend to remain in its new position and is said to be 
neutrally stable (Figure 2-20). It will not have a tendency to return to its original position or 
move away from its final position. 


EQUILIBRIUM ENCOUNTERED AT ANY 
POINT OF DISPLACEMENT 
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Figure 2-20 Neutrally Stable 
Now, consider an inverted bowl with a ball balanced on top. Once the ball is displaced, it will 


tend to move away from its original position, never to return, and the ball is said to be in an 
unstable condition (Figure 2-21). 


TENDENCY AWAY FROM 


EQUILIBRIUM 





EQUILIBRIUM Қ 


Figure 2-21 Unstable 


In weather, parts or parcels of an air mass become displaced through one of four lifting methods. 
The temperature of the surrounding air determines the stability of a quantity of air after it is 
lifted. Lifted air that is colder than the surrounding air settles when the lifting action is removed, 
since it is denser. This indicates a stable condition. Lifted air that is warmer than the 
surrounding air continues to rise when the lifting action is removed because it is less dense. This 
indicates an unstable condition. This lifted air that continues to rise has reached the point of free 
convection, which occurs when the lifted air rises with no external lifting force, due only to the 
parcel’s warmer temperature. Lifted air having the same temperature as the surrounding air after 
it is lifted will simply remain at the point where the lifting action was removed. This is an 
example of a neutrally stable atmosphere. If the air behaves in one of these three ways, then we 
can say the atmosphere has the same condition of stability (Figure 2-22). 
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Air is pushed up, then returns ir i Air is pushed up and 
to its original position. stays at that level. 


continues 


STABLE to rise. NEUTRAL 





Figure 2-22 Stable, Unstable, and Neutral Stability 


210. METHODS OF LIFTING 


The four methods of lifting are convergence, frontal, orographic, and thermal (Figure 2-23). 
Convergence of two air masses, or parts of a single air mass, force the air upward because it has 
nowhere else to go. Because of the shape of cold fronts, as they move through an area, they will 
lift the air ahead of the cold air mass. Orographic lifting is a term indicating the force of the 
wind against a mountainside pushes the air upward. Thermal lifting, also known as convective 
lifting, is caused when cool air is over a warm surface and it is heightened by intense solar 
heating on a clear day. 


O 
An 


CONVERGENCE LIFTING 


=p 


OROGRAPHIC LIFTING THERMAL LIFTING 





Figure 2-23 The Four Lifting Methods 
211. STABILITY AND FLIGHT CONDITIONS 
Cloud types are helpful in identifying conditions of stability or instability. Cumuliform clouds 


develop with unstable conditions and stratiform clouds develop with stable conditions 
(Figure 2-24), assuming sufficient moisture exists for cloud development. 
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AIR 





Figure 2-24 Clouds in Stable and Unstable Air 


There are a significant number of flight conditions associated with atmospheric stability, as 
depicted in Figure 2-25. If one or more of these conditions is encountered, the stability of the 
atmosphere can be easily determined, and other flight conditions can be predicted. Thus, 
understanding the relationships among stability and flight conditions provides aircrew with a key 
that unlocks many of the mysteries of weather phenomena. 


Flight Conditions Stable Atmosphere Unstable Atmosphere 
Cloud type Stratus Cumulus 

Turbulence Smooth Rough 

Visibility Poor Good (outside clouds) 
Winds Steady Gusty 

Precipitation Steady Showery 

Icing Rime Clear 

Air mass Warm Cold 

Front Warm Cold 
































Figure 2-25 Atmospheric Stability and Flight Conditions 


Being able to recognize the stability of the air while flying will help prepare you for the various 
flight conditions you are experiencing. When encountering a change in weather conditions—apart 
from what was briefed—the relationships in Figure 2-25 can also be a guide to understanding the 
different options available and to making better decisions for avoiding weather hazards. Here 
are some additional “signs in the sky” that indicate stable air: temperature inversions, low fog 
and stratus, and rising air temperature while climbing. Thunderstorms, showers, towering 
clouds, dust devils, and rapidly decreasing air temperature while climbing all indicate unstable 
atmospheric conditions. 
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STUDY QUESTIONS 


1. | Which one of the following types of isobar spacing would indicate a weak pressure 
gradient force? 


a. Narrow 
b. Deep 
c. Мае 
d. Tight 


2. Which one of the following types of pressure gradients would indicate the presence of 
strong winds? 


a. Steep 

b. Low pressure 
c. Weak 

а. Shallow 


3. The initial movement of air toward a low-pressure area is caused by the 





a. pressure gradient force 
b. Coriolis force 
c. centrifugal force 
d. force of friction 
4. Coriolis force directs air , with respect to its initial direction of motion. 
a. vertically 
b. tothe left 
c. horizontally 
d. tothe right 


5. According to Buys Ballot's law, if I have a head wind the area of lower pressure 
is 


а. to my right 

b. tomy left 

с. straight ahead 
d. aft 


6. The forces that determine the wind direction in the atmosphere are weakened at the Earth’s 
surface by the 





pressure gradient force 
Coriolis force 
centrifugal force 

force of friction 


ao Tf 
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7. Gradient winds move parallel to the isobars above 2000 feet AGL because they are not 
affected by the 
a. pressure gradient force 
b. Coriolis force 
с. centrifugal force 
d. force of friction 
8. The surface wind, when compared with the gradient wind, is of 
a. lesser speed and blows parallel to the isobars 
b. lesser speed and blows across the isobars toward low pressure 
c. greater speed and blows across the isobars toward high pressure 
d. greater speed and blows across the isobars toward low pressure 
9. Inthe Northern Hemisphere, the wind blows 
a. from low to high pressure 
b. clockwise around a low 
c. counterclockwise around а low 
d. perpendicular to the isobars 
10. Gradient winds blow parallel to the isobars because of the 
а. Coriolis force 
b. frictional force 
c. centrifugal force 
d. wind force 
11. The sea breeze blows from the to the during the „ and the land 
breeze blows from the to the during the 
а water, land, day; water, land, night 
b. land, water, day; land, water, night 
c. land, water, day; water, land, night 
d. water, land, day; land, water, night 
12. and water vapor must be present in the atmosphere for precipitation to occur. 
a. Сагбоп dioxide 
b. Condensation nuclei 
c. Мпа 
d. Nitrogen 
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13. When air contains the maximum moisture possible for a given temperature, the air is 
14. The temperature to which air must be cooled to become saturated is called the 
15. Which one of the following conditions could produce fog, clouds, or precipitation? 
a. Dew point spread of 5°C 
b. Warm air over cold water. 
с. RHof0% 
а. RH of 100% 
16. Stratiform clouds are associated with (stable/unstable) flight conditions. 
17. At which altitude could an altostratus cloud be found? 
а. 5000 feet MSL 
b. 5000 feet AGL 
с. 10,000 feet AGL 
d. 25,000 feet AGL 
18. Cumulonimbus clouds typically produce which type of precipitation? 
a. Drizzle 
b. Light steady 
с. Heavy showers 
d. Fog 
19. Nimbostratus clouds will produce precipitation. 
a. heavy showery 
b. light showery 
с. heavy steady 
d. light steady 
20. defines air with the same temperature as the surrounding air. 
а. Unstable 
b. МештгаПу stable 
c. Stable 
d. Displaced 
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21. 


Which опе of the following correctly lists the four methods of lifting? 


а. Convergence, frontal, orographic, and thermal 

b. Convergence, subsidence, orographic, and thermal 

c. Convergence, convection, adiabatic, and katabatic 

d. Divergence, subsidence, frontal, and convective 

If lifted air is warmer than the surrounding air, then clouds will form resulting 


flight conditions. 
If stratus clouds are present, which of the following flight conditions could be expected? 
Rough turbulence, good visibility, showery precipitation, and clear icing 
Smooth flight, good visibility, steady winds, and no precipitation 
Poor visibility, steady winds, continuous precipitation, and rime icing 


Smooth flight, turbulent flight, good visibility, and showery precipitation 


Which one of the following types of clouds could be produced by unstable conditions? 


a. Cirrus 

b. | Cumulonimbus 
с. Stratus 

а. Nimbostratus 
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Mechanics of Frontal Systems 
300. INTRODUCTION 
The purpose of this chapter is to introduce the student to various frontal systems, including their 
formation, flight conditions, and associated weather patterns, since most of the active weather is 
concentrated along fronts. The goal of this chapter is to present a broad description of each of 
the frontal types, along with the general flight conditions associated with each. With this 
knowledge, an aviator will carry on a conversation about flight conditions with the meteorologist 
during the weather brief, as opposed to having a one-way conversation. Because only the flight 
crew understands the details and ramifications of the mission, it would be impossible to expect a 
meteorologist to foresee all the possibilities and to brief the weather accordingly. 
301. LESSON TOPIC LEARNING OBJECTIVES 
Terminal Objective: Partially supported by this lesson topic: 
2.0 Ороп completion of this unit of instruction, student aviators and flight officers will 
demonstrate knowledge of meteorological theory enabling them to make intelligent decisions 
when confronted with various weather phenomena and hazards. 
Enabling Objectives: Completely supported by this lesson topic: 


2.29 Define the terms air mass and front. 


2.30 Describe the air mass classification system, including moisture content, temperature, and 
source region with respect to latitudes. 


2.31 Describe the relationship between air mass temperature and stability. 
2.32 Describe the structure of a front. 

2.33 Describe the discontinuities used to locate and classify fronts. 

2.34 Describe the factors that influence frontal weather. 

2.35 Describe the conditions associated with a cold front. 

2.36 Describe the characteristics of a squall line. 

2.37 Describe the conditions associated with a warm front. 


2.38 Describe the conditions associated with a stationary front. 
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2.39 Describe the conditions associated with occluded fronts. 

2.40 Describe the conditions associated with an inactive front. 

302. REFERENCE 

Weather for Aircrews, AFH 11-203, Volume 1, Chapter 8 

303. STUDY ASSIGNMENT 

Review Chapter Three and answer the Study Questions. 

304. AIR MASSES 

No discussion of fronts would be complete without considering the air masses in vicinity of the 
fronts. The various characteristics of a front are highly dependent on the contrasts of the air 
masses separated by the front. If these characteristics are not large differences between the air 
masses, the front will be weak or non-existent. 

An air mass is a large body of air that has essentially uniform temperature and moisture 
conditions in a horizontal plane, meaning there are no abrupt temperature or dew point changes 


within the air mass at a given altitude. It may vary in size from several hundred to more than 
several thousand square miles. 


Air masses are named according to their moisture content, location, and temperature (Figure 3-1). 
The location of an air mass has a large influence over the other two properties. 



































Symbol Source Region Latitudes 

A Arctic 60° - 90° N 

P Polar 40° - 60° N 

T Tropical South of 30° N 
E Equatorial + 10° of equator 








Figure 3-1 Northern Hemisphere Air Mass Source Regions 


NOTES 


1. Source region never changes. Example: an arctic air mass that 
moves South of 30° N latitude is still considered arctic. 


2. Arctic air masses form around the North Pole. Polar air masses 
do not form at the North Pole. 
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Naturally, moist air masses will have a greater potential for producing clouds and precipitation 
than dry air masses. Most importantly, though, its temperature indicates the stability of the air 
mass. Warm air masses bring stable conditions, while cold air masses are inherently unstable. 
This temperature classification is relative to the surface beneath it. An air mass with a 
temperature of 90°F over a surface with a temperature 100°F is classified as cold. 


A maritime air mass would be reclassified to continental when precipitation over land occurs. A 
continental air mass would be reclassified to maritime if evaporation over water occurs 
(Figure 3-2). 








Moisture Content 
Symbol Surface А 
(Related to Dew point Temperature) 








m Maritime High 





c Continental Low 


























Figure 3-2 Source Region Surface 


These symbols are combined to describe air masses as follows (Figure 3-3) 












































Symbol Source Region and Surface 
cA Continental Arctic 

cP Continental Polar 

mP Maritime Polar 

mT Maritime Tropical 

cT Continental Tropical 

E Equatorial 








Figure 3-3 Air Mass Symbology 


Air masses are also classified by temperature. An air mass leaving its source region will 
generally be warmer than the surface over which it is flowing if it is moving north, or colder than 
the surface over which it is flowing if it is moving south. If the air mass is warmer than the 
surface, it is cooled by contact with the cold ground, becomes more stable, and is called a warm 
air mass (Figure 3-3). If the air mass is colder than the surface over which it is moving, it is 
heated from below, resulting in convective currents and instability and is called a cold air mass. 


305. FRONTAL SYSTEMS 


A front is an area of discontinuity that forms between two contrasting air masses when they are 
adjacent to each other. A front can be thought of as a border, boundary, or line between the air 
masses. These air masses must have sufficiently different temperature and moisture properties, 
the defining characteristics of an air mass, otherwise there would be little reason to distinguish 
between them. Since air masses cover many thousands of square miles, the boundary between 
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them can be hundreds of miles long. Air masses and fronts are three-dimensional. The point 
where a front comes in contact with the ground is called the surface front. 


The surface front is the line plotted on surface analysis charts with different colors and shapes 
representing each type of front, as pictured in Figure 3-4. 


Type of Front Color Scheme SYMBOL 


Cold front 


Warm front 


Occluded front Purple 


Stationary front Blue and Red 


Trough Brown or Black 


Ridge Yellow or Black 


Squall line Purple 





Figure 3-4 Frontal Symbols 


The frontal zone is the area encompasses the weather located on either side of the front. The 
depth of this frontal zone depends on the properties of the two air masses. When the properties 
differ greatly, the resulting narrow frontal zone can include sudden and severe weather changes. 
It is often impossible to determine the exact outer boundaries of a frontal zone. Most active 
weather is focused along and on either side of the surface front and frontal zone. Likewise, most 
aviation weather hazards are also found in the vicinity of fronts. In the mid-latitudes, fronts 
usually form between the warmer, tropical air to the south and the cooler, polar air to the north. 
When a pilot passes through a front or a front moves past a station, the atmospheric conditions 
change from one air mass to those of the other. Abrupt changes indicate the frontal zone is 
narrow and in some cases, the zone can be less than a mile wide. On the other hand, gradual 
changes indicate the frontal zone is broad and diffuse, often over 200 miles in width. Abrupt 
changes will bring more severe weather than gradual changes. 


Aviation weather hazards are not limited to the area of frontal zones. Some fronts do not 


produce clouds or precipitation. Additionally, weather associated with one section of a front is 
frequently different from the weather in other sections of the same front. Do not conclude all 
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adverse weather occurs along fronts. In some cases, very large areas of low ceilings and poor 
visibility occur in areas far removed from a front. 


Air Masses And Fronts 


Having introduced the basics of both air masses and fronts, an analysis of a real-world situation 
can help explain how these pieces fit together. Figure 3-5 shows the weather across the U.S. at 
the same time from three different points of view. From the frontal systems shown on the 
Current Surface chart, we can see there are three major air masses over the nation: one over the 
West, one over the Midwest and the East, and one over the Deep South. For simplicity, we will 
compare only the Midwest/East and Deep South air masses. 


Looking at the Current Temperatures chart, the Midwest air mass (centered approximately on the 
“Н" of the high pressure) has temperatures in the 50s, give or take a few degrees. So far, this 
shows a relatively uniform temperature across the air mass, matching with what we would expect 
from the discussion above. The southern air mass, on the other hand, has much warmer 
temperatures, generally in the 70s and 80s. Even so, these temperatures are still relatively 
uniform throughout the air mass. 


The dew points are also different between the two air masses. Even though the Dew Point chart 
only indicates dew points above 50° F, it is clear the southern air mass contains much more 
moisture than the air mass to its north. Thus, these charts indeed show two air masses over the 
eastern U.S., each with temperature and moisture properties different from the other. 
Accordingly, a front has been drawn between the two. From the “L” to just south of the “Н” 
there is a warm front and to the east of that position, all the way to the next “L” over New 
England, there is a cold front. 
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Figure 3-5 Uniform Temperature and Moisture of Air Masses 
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General Frontal Structure 


The characteristics of each air mass on either side of the front diminish with increasing altitude. 
At some level above the surface, usually above 15,000 to 20,000 feet, the differences between 
the two air masses forming the front become negligible and the cloud and precipitation patterns 
in the upper frontal zone are not easily attributable to one frontal type or another (Figure 3-6). 
Therefore, the most significant frontal weather occurs in the lower layers of the atmosphere. 
However, the temperature contrast between the air masses can sometimes extend as high as the 
tropopause. 





Figure 3-6 Frontal Zone Structure 


Most fronts, regardless of type, have some common characteristics. First, fronts are named 
according to the temperature change they bring. For example, if the temperature will become 
warmer after the front passes, it is named a warm front. Second, fronts move across the country 
with their attached low-pressure system and isobars, as the corresponding air masses move. As 
they move, we are only concerned with any movement perpendicular to the line representing the 
front; thus, fronts are considered to move perpendicular to the way they are drawn. Also, cold 
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fronts move faster than warm fronts, in general. Next, we usually see a 90° wind shift from one 
side of the front to the other, with the two exceptions explained below. Finally, every front is 
located in a trough of low pressure. 





Figure 3-7 General Model of a Frontal System 


This course will use the general frontal model presented in Figure 3-7 to illustrate the different 
characteristics of the various fronts. Remembering the basics of this model can aid in the 
comprehension of how the various fronts usually move, as well as the characteristic changes in 
weather from one side of a front to the other. Once this model is understood, it can easily be 
modified to fit the appropriate real-world situation by rotating the system, by changing the angle 
between the fronts or considering a curvature to any of the frontal lines. As we discuss each 
frontal type, imagine zooming in on this model to study the particular characteristics of that 
front. These frontal characteristics will be discussed in depth for each type of front, and as a 
group in the next section, which explains how meteorologists determine where to place fronts on 
weather charts. 


306. FRONTAL DISCONTINUITIES 


Differences in the various properties of adjacent air masses, such as their temperature, moisture 
(indicated by the dew point), winds, and pressure, are used to locate and classify fronts. For 
example, when comparing two dissimilar air masses, one will be colder than the other. Because 
of this, the colder one will be denser and drier (it must have a lower dew point). Cloud types are 
useful indicators of the type of front and will be discussed in connection with each individual 
front. 


Temperatures 


Temperature is one of the most easily recognizable differences across a front. In the lower layers 
of the atmosphere a greater temperature change will be noticed with frontal passage or when 
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flying through a front. The amount and rate of change partially indicates the front’s intensity. 
Strong and weak fronts are accompanied by abrupt and gradual changes in temperature 
respectively. 


Dew Points 


The dew point temperatures reported from weather observing stations are helpful in locating the 
position of a front. The dew point temperature and air temperature give an indication of the 
relative humidity of the air. Cold air masses will usually have lower dew point temperatures 
than warm air masses. Higher dew points indicate a greater amount of moisture available to 
produce clouds, fog, or precipitation. 


Pressures 


All fronts are located in troughs of low pressure. The arrows in Figure 3-8 indicate the trough 
(where low pressure extends outward from the center of the low), as well as the direction of 
movement of the low-pressure system. Therefore, when a front approaches a station or a pilot 
flies toward a front, the pressure decreases. Pressure then rises immediately following frontal 
passage. Figure 3-8 illustrates this pressure fall and rise with the time sequence of the weather at 
station NSE. The earliest time is pictured in the upper right, when the pressure is 1011 mb, and 
the last point in time is at the lower left, with a pressure of 1007 mb. Because of this pressure 
change, it is extremely important to obtain a new altimeter setting when flying in the vicinity of a 
front. 
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Figure 3-8 Pressure Changes Across a Front 
Winds 
Near the Earth’s surface, the wind changes direction across a front. In the Northern Hemisphere, 


as the front approaches and passes a station, the wind changes direction in a clockwise rotation. 
When flying across a front, because of this wind shift you must adjust heading to the right to 
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maintain your original ground track (Figure 3-9). This wind shift often creates a hazardous wind 
shear when departing or approaching an airfield. For example, winds at 220° at 10 knots ahead 
of the front can rapidly change to 330° at 20 knots gusting to 30 knots immediately after the 
front. 
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Figure 3-9 Wind Shift Across а Cold Front 
307. FACTORS INFLUENCING FRONTAL WEATHER 
The weather along fronts is not always severe. Flying conditions can vary from insignificant 
weather to extremely hazardous situations. The hazardous situations can include thunderstorms, 
turbulence, icing, low ceilings, and poor visibility. The severity of the clouds and precipitation 
occurring along a front are dependent on the following factors: 
1. The amount of moisture available (shown by the dew point), 
2. Тһе degree of stability of the lifted air, 
3. Тһе slope of the front, 
4. The speed of the frontal movement, and 
5. The contrast in the amounts of temperature and moisture between the two air masses. 
The amount of moisture available, as indicated by the dew point, greatly determines the amount 
of weather associated with a front. Often little or no significant weather is associated with a 
front or a portion of a front because of a lack of moisture, despite the presence of all other 


factors. 


The degree of stability of the air lifted determines whether cloudiness will be predominantly 
stratiform or cumuliform. With stratiform clouds, there is usually steady precipitation and little 
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or no turbulence. Precipitation from cumuliform clouds is showery and the clouds indicate 
turbulence. 

The slope is the ratio of the vertical rise to horizontal distance. The slope of a warm front is 
generally shallow, while the slope of a cold front can be quite steep (Figure 3-10). Shallow 
frontal slopes tend to produce extensive cloudiness with large areas of steady precipitation, while 
steep frontal slopes tend to move rapidly producing narrow bands of cloudiness and showery 
precipitation. Steep frontal slopes normally separate air masses of vastly different properties, 
indicating the potential for more severe weather. 
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Figure 3-10 Frontal Slope 


The speed of the frontal movement affects the weather associated with it. A narrow band of 
more severe weather generally accompanies faster moving fronts. On the other hand, slower 
moving fronts have less severe weather, but the frontal zone is more extensive. 


The greater the contrast in temperature and moisture between the colliding air masses, the greater 
the possibility of weather associated with a front, particularly severe weather. For example, most 
tornadoes occur in the spring due to very cold, dry air from Canada colliding with very warm, 
moist air from the Gulf of Mexico. 


308. COLD FRONTS 


A cold front is the leading edge of an advancing cold air mass. In this case, the colder (more 
dense) air mass is overtaking and wedging underneath a relatively warmer (less dense) air mass. 
As the cold air pushes the warm air upward, this motion sometimes produces very violent and 
unstable conditions, to include strong thunderstorms (cumulonimbus clouds) and severe 
turbulence. Figure 3-11 shows the manner in which a cold front is depicted on a surface weather 
chart. Cold fronts move toward the SE at 20 knots, on average, and the wind shift is from the 
SW to the NW. 
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Figure 3-11 Cold Front 


Cold front weather can vary greatly depending on the speed of the front and the characteristics of 
the air masses. Usually, though, as the cold front approaches, the southwesterly winds in the 
warm air mass ahead of the front begin to increase in speed. Meanwhile, the barometric pressure 
decreases, and altocumulus clouds appear on the horizon. Next, the cloud bases lower, and rain 
or snow showers begin as the cumulonimbus clouds move into the area. The precipitation 
increases in intensity and may persist as the front nears the station. As the front passes, the 
pressure rises sharply and the wind shifts approximately 90° from SW to NW. The postfrontal 
weather includes rapidly clearing skies, fair weather cumulus clouds, and decreasing temperature 
and dew point. The extent of postfrontal cloudiness depends on the degree of stability and 
moisture content of the cold air mass. In some cases, the sequence of events described here may 
be considerably different, depending on the specific atmospheric conditions (Figure 3-12). 


Weather with fast-moving cold fronts occurs in a narrow band, is usually severe, and clears 
rapidly behind the front. Cumuliform clouds, showers, or thunderstorms may form near the front 
position. Lines of fast-moving thunderstorms, or squall lines, can form well ahead of the front. 
Weather with slow-moving cold fronts (usually from late fall through early spring) occurs over a 
large area, is less severe, but may persist for hours, even after the front has passed. 
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Figure 3-12 Cold Front Cloud Formation 
Recognizing Cold Fronts During Flight 


During a flight over flat terrain, you may see a long line of cumuliform clouds on the horizon. 
These clouds may indicate you are flying toward an approaching active cold front. When flying 
above an altocumulus layer extending ahead of the front, the lower frontal clouds are often 
hidden. Stratus or stratocumulus decks extending many miles ahead of a front may conceal the 
main clouds from a low flying aircraft. 


Cold Front Flight Problems 


Wind shifts: expect an abrupt wind shift when passing through a frontal zone, especially when 
flying at lower altitudes. Turbulence is often associated with the wind shift. The wind generally 
shifts from SW to NW with greater speeds behind the front. 


Ceiling and visibility: if an active cold front moves at a moderate or rapid speed (15-30 knots), 
its weather zone is generally less than 50 miles wide. If the front moves slower, its weather zone 
may be broad enough to seriously affect flight operations for many hours. Ceilings and 
visibilities are generally visual meteorological conditions (VMC), but isolated instrument 
meteorological conditions (IMC) exist in heavy precipitation and near thunderstorms. Wider 
areas of IMC conditions can exist in winter due to snow showers. 


Turbulence: many active cold fronts have turbulent cloud systems associated with them, but 
thunderstorms may not always be present. Even when there are no clouds, turbulence may still 
be a problem. As a rule, expect a rough flight in the vicinity of an active cold front, even when 
flying at a considerable altitude. 
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Precipitation and icing conditions: active cold fronts usually have a relatively narrow belt of 
precipitation, especially if the precipitation is showery. Icing may be severe in cumuliform 
clouds. Slow-moving cold fronts may have a broader area of precipitation and greater threat of 
remaining in icing conditions for a longer period. 


Thunderstorms and squall lines: severe weather is implied to exist in areas of reported 
thunderstorms. Chapter Four will detail the hazards associated with thunderstorms. 


Squall Lines 


A squall line is a line of violent thunderstorms. They are indicated on surface charts by a dashed, 
double-dotted purple line. They develop 50 to 300 miles ahead of the cold front and roughly 
parallel to it. They form when cold air downdrafts flowing ahead of a cold front lift additional 
warm, unstable air. The uplifted air develops its own updrafts and downdrafts and starts the 
thunderstorm development cycle (Figure 3-13). Sometimes, however, squall lines can be located 
nowhere near a cold front, possibly from the convergence of air flows at one location. Squall 
lines are usually the most intense during the late afternoon and early evening hours, just after 
maximum daytime heating. 
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Figure 3-13 Squall Line Formation 


It is often impossible to fly through squall lines, even with radar, since the storms are extremely 
close to one another. Similar to cold fronts, squall lines will also have a 90° wind shift from the 
SW to the NW. 


309. WARM FRONTS 
A warm front is the boundary of the advancing warm air mass overtaking and replacing a colder 
air mass. To do so, the warmer, less dense air must ride up and over the top of the cold air mass. 


Figure 3-14 shows the manner in which a warm front is depicted on a surface weather chart. The 
warm air mass gradually moves up over the frontal surface creating a broad area of cloudiness. 
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This cloud system extends from the front’s surface position to about 500 to 700 miles in advance 
of it (Figure 3-15). 
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Figure 3-14 Warm Front 


A warm front typically moves at a slower speed than a cold front, 15 knots on average, and 
produces a more gradual frontal slope, as well as sloping forward, ahead of the surface front. 
Because of this slower speed and gradual slope, warm fronts are not as well defined as cold 
fronts. The winds shift across a warm front from the SE to the SW. 
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Figure 3-15 Warm Front Cloud Formation 
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Recognizing Warm Fronts During Flight 


The most common cloud found along a warm front is the stratiform cloud. If one were to 
approach the front from the east, the sequence of clouds would be cirrus, cirrostratus, altostratus, 
nimbostratus, and stratus, rain and fog (Figure 3-15). Steady precipitation gradually increases 
with the approach of this type of warm front and usually continues until the front passes. 


Warm Front Flight Problems 


Wind Shift: warm front wind shifts are not as sudden as those of a cold front, and therefore, 
turbulence isn’t likely. The wind generally shifts from SE to SW. 


Ceiling and Visibility: the widespread precipitation ahead of a warm front is often accompanied 
by low stratus and fog. In this case, the precipitation raises the moisture content of the cold air 
until saturation is reached. This produces low ceilings and poor visibility covering thousands of 
square miles. Ceilings are often in the 300 to 900 foot range during steady, warm frontal rain 
situations. Just before the warm front passes the station, ceilings and visibilities can drop to zero 
with drizzle and fog. The worst conditions often occur in the winter when the ground is cold and 
the air is warm; the best scenario for dense fog and low ceilings. 


Turbulence and Thunderstorms: if the advancing warm air is moist and unstable, altocumulus 
and cumulonimbus clouds can be embedded in the cloud masses normally accompanying the 
warm front. These embedded thunderstorms are quite dangerous, because their presence is often 
unknown to aircrews until encountered. Even with airborne radar, it can be difficult to 
distinguish between the widespread areas of precipitation normally found with a warm front and 
the severe showers from the embedded thunderstorms. The only turbulence along a warm front 
would be found in such embedded thunderstorms. Otherwise, little to no turbulence exists in 
warm front systems. 


Precipitation and Icing: approaching an active warm front from the cold air side (from the east), 
precipitation will begin where the middle cloud deck is from 8000 to 12,000 feet AGL. Often, 
this precipitation will not reach the ground; a phenomenon called virga. As you near the front, 
precipitation gradually increases in intensity and becomes steadier. Occasional heavy showers in 
the cold air beneath the frontal surface indicate thunderstorms exist in the warm air aloft. 
Drizzle, freezing drizzle, rain, freezing rain, ice pellets (sleet), and snow are all possible in a 
warm front, depending on the temperature. The shallow slope and widespread thick stratiform 
clouds lead to large areas of icing. It may take a long time to climb out of the icing area and you 
may need to descend into warmer air to avoid the icing. 


310. STATIONARY FRONTS 


Sometimes the frontal border between the air masses shows little or no movement. Since neither 
air mass is replacing the other, the front is called a stationary front (Figure 3-16). Stationary 
fronts are indicated on surface charts by an alternating warm and cold front symbols, retaining 
their original red and blue colors, but pointing in opposite directions. Even though the front may 
not be moving, winds can still be blowing. Surface winds tend to blow parallel on both sides of 
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the front rather than against and/or away from it. Therefore, a stationary front has a 180° wind 
shift. The wind shift may be from any one direction to the opposite direction, as stationary fronts 
are less likely to be aligned in any one particular direction. 
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Figure 3-16 Stationary Front 


The weather conditions occurring with a stationary front are similar to those found with the 
warm front, but are usually less intense. The weather pattern of a stationary front may persist in 
one area for several days, until other, stronger weather systems are able to push the stationary 
front weather along its way. 


OCCLUDED FRONTS 


Occluded fronts form when a faster moving cold front overtakes a slower moving warm front. 
There are two types of occluded fronts, cold and warm. The type of occlusion that forms 
depends on which front remains in contact with the ground. For example, if the cold front 
remains in contact with the ground, then it is named a cold front occlusion. 


Occlusions are shown on surface charts with both cold and warm frontal symbols pointing in the 
same direction, but colored purple. Both types of occlusions tend to be aligned from NW to SE, 
and hence move toward the NE at the speed of the front that remains on the ground. The wind 
shift across either type of occlusion will be a 180° shift, as there are actually two fronts in the 
same location. Therefore, ahead of the occlusion, the winds will be the same as those ahead of 
the warm front, and behind the occlusion, the wind will be from the same direction as behind the 
cold front: the wind shift is SE to NW. Because the occluded front is the result of the meeting of 
both a cold front and a warm front, the weather associated with the occlusion will be a 
combination of both types of frontal weather. 
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Figure 3-17 Occluded Front 


Figure 3-17 depicts a profile of an occluded front. If either type of occlusion is arrived at from 
the east, you would first encounter warm front type weather which may extend for several 
hundred miles to the east of the surface front. On the other hand, if it were arrived at from the 
west you would first encounter cold front type weather. The location of the occluded front is 
significant to aircrews because the most severe weather, including ceilings and visibilities, is 
generally located in an area 100 NM South to 300 NM North of the frontal intersection. 

Figure 3-18 illustrates an overhead view of an occlusion. 
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Figure 3-18 Occluded Wave 
311. INACTIVE FRONTS 
Clouds and precipitation do not accompany inactive fronts. Sometimes the warm air mass is too 


dry for clouds to form even after the air is lifted and cooled. Inactive fronts may also be referred 
to as dry fronts. 
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The reason for showing an inactive front on the weather chart is to indicate the boundary of the 
opposing air masses. Additionally, it displays the location of potentially unfavorable flying 
weather. The warm air mass may gradually become more moist and lead to the formation of 
clouds and precipitation in the frontal zone. In many cases the inactive front only has a shift in 
the wind direction and a change in the temperature and pressure. Figure 3-19 is a summary of 
frontal movements and wind shifts. 
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Stationary Fronts — Same general flight conditions as warm front (less intense). 














Figure 3-19 Summary of Frontal Movement and Wind Shift 
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STUDY QUESTIONS 


Mechanics of Frontal Systems 


1. | Which one of the following parameters of ап air mass is generally uniform when measured 
across any horizontal direction? 


Pressure and stability 
Pressure and moisture 
Temperature and pressure 
Temperature and moisture 


ро ср 


2. Ап аігтаѕѕ with a temperature of 100° F over a surface with a temperature of 110° Е is 
classified 





a. maritime 
b. continental 
c. cold 

d. warm 


3. | Why would an airmass be reclassified from maritime to continental? From continental to 
maritime? 


Precipitation over water; precipitation over land. 
Precipitation over land; evaporation over water. 
Precipitation over water; evaporation over water. 
This classification never changes. 


ao Tf 


4. Which one of the following correctly indicates the four frontal discontinuities used to 
locate and classify fronts? 


Pressure, wind, stability, and slope 
Pressure, temperature, dew point, and wind 
Pressure, temperature, dew point, and slope 
Pressure, wind, dew point, and stability 


ao Tf 


5. Which one of the following indicates two of the five factors that influence frontal weather? 


a. Slope and stability 

b. Slope and pressure change 

c. Stability and winds 

d. Stability and pressure change 
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6. With frontal passage, the winds of a cold front will shift from the to the , and the 
winds of a warm front will shift from the to the 








southeast to the northwest; southeast to the northwest 

southeast to the southwest; southwest to the northwest 
southwest to the northwest; southeast to the southwest 
northwest to the southwest; southwest to the southeast 


aos 


7. In опе respect, embedded warm-front thunderstorms present a greater flying hazard than 
cold-front thunderstorms because the warm-front cumulonimbus clouds 





may be hidden in stratus type clouds 

generally contain a great amount of cloud-to-ground lightning 
have lower bases and lie closer to the Earth’s surface 

are much more violent and turbulent 


ро сор 


8. | Which one of the following would indicate a cold front has passed? 


Wind shifts 
Pressure falls 
Humidity increases 
Temperature rises 


ao Tf 


9. If you are flying from east to west and you encounter cirrus, cirrostratus, alto-stratus, 
nimbostratus and then stratus clouds, you are most likely approaching a 





stationary front 
warm front 
either a or b 
neither a nor b 


ро ср 
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10. In each cell of the table below, circle the correct characteristics of each of the types of 


fronts. This is similar to a multiple-choice question where matching a column heading with a 


row heading forms the question and the alternatives are listed in the intersecting cell. 


Wind Shift 


Warm 
Front 
Occlusion 


Cold 
Front 
Occlusion 


Temper- 


ature 
Change 


Warmer 
Colder 


Either 


Warmer 
Colder 


Either 


Warmer 
Colder 


Either 


Warmer 
Colder 


Either 


Warmer 
Colder 


Either 


Pressure | Direction of |Р of 
Change | Movement Movement 
(kts) 
SE 

Rises then 
Falls 

Falls then 
Rises 
Rises then 


Falls 


Falls then 
rises 





Rises then 
Falls 


Falls then 
rises 
Rises then 
Falls 
Falls then 
rises 
Rises then 


Falls 


Falls then 
rises 
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Stratiform 


Cumuliform 


Combination 


Stratiform 


Cumuliform 


Combination 


Stratiform 


Cumuliform 


Combination 


Stratiform 


Cumuliform 


Combination 


Stratiform 


Cumuliform 


Combination 


Turbulence Color 
Red 


Smooth 
Rough 


Combination 


Smooth 
Rough 


Combination 


Smooth 
Rough 


Combination 


Smooth 
Rough 


Combination 


Smooth 
Rough 


Combination 





CHAPTER FOUR 


Thunderstorms 


400. INTRODUCTION 


The purpose of this chapter is to introduce the student to the fundamentals of thunderstorm 
hazards and the proper techniques for safe flight in their vicinity. 


Thunderstorms contain many of the most severe weather hazards. They are often accompanied 
by strong wind gusts, severe turbulence, lightning, heavy rain showers, severe icing, and possibly 
hail and tornadoes. As a result, avoid thunderstorms if possible. 

Additionally, this chapter presents hazards a pilot must consider when flying in the vicinity of or 
actually entering a thunderstorm. About 44,000 thunderstorms occur daily over the Earth and 
pilots can expect to encounter one occasionally. In some tropical regions, thunderstorms occur 
year round. In the mid-latitudes, they develop most frequently in spring, summer, and fall. 
Being familiar with these factors will help you better understand what is going on both inside 
and outside the cockpit. Knowledge of thunderstorm characteristics and the application of tested 
procedures will help aircrews operate safely near thunderstorms. 

401. LESSON TOPIC LEARNING OBJECTIVES 

Terminal Objective: Partially supported by this lesson topic: 

2.0 Upon completion of this unit of instruction, student aviators and flight officers will 
demonstrate knowledge of meteorological theory enabling them to make intelligent decisions 
when confronted with various weather phenomena and hazards. 

Enabling Objectives: Completely supported by this lesson topic: 


2.41 Describe the requirements for thunderstorm formation. 


2.42 Describe the thunderstorm life cycle and the characteristics of each stage, including 
pressure variations. 


2.43 Identify the hazards associated with thunderstorms. 

2.44 Define а microburst. 

2.45 Identify the characteristics of a microburst. 

2.46 Explain how radar сап aid a pilot when flying in the vicinity of thunderstorms. 


2.47 Describe the recommended techniques for avoiding thunderstorm hazards. 
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402. REFERENCES 

Weather for Aircrews, AFH 11-203, Volume 1, Chapters 10 and 13 
403. STUDY ASSIGNMENT 

Review Chapter Four and answer the Study Questions. 

404. THUNDERSTORM DEVELOPMENT 


The basic requirements for thunderstorm formation are moisture, unstable air, and some type of 
lifting action. Lifted air does not always result in thunderstorm activity. Air may be lifted to a 
point where the moisture condenses and clouds form, but these clouds may not grow 
significantly unless the air parcel reaches a point where it will continue to rise freely (recall the 
point of free convection from Chapter Two). The higher the moisture content the easier the point 
of free convection is reached. One of the four lifting methods (from Chapter Two) is necessary 
to force warmer air from its lower level to the point of free convection, which is the trigger to 
starting the cumulus cloud through the thunderstorm life cycle. Once moist air is lifted in an 
unstable environment, the rapidly rising unstable air quickly forms towering cumulus and 
eventual cumulonimbus clouds. The degree of vertical cloud growth often indicates the potential 
severity of the thunderstorm. 


405. THE LIFE CYCLE OF A THUNDERSTORM CELL 


Thunderstorm cells progress through three stages during their life cycle: the cumulus, mature, 
and dissipating stages. A thunderstorm cell is simply an individual cumulonimbus cloud. It is 
virtually impossible to visually detect the transition from one stage to another. A thunderstorm 
often consists of a cluster of cells in different stages. The life cycle of each thunderstorm cell 
ranges from 20 minutes to 1-1/2 hours with a few lasting up to three hours. The life span of a 
line of thunderstorms depends on the number of cells contained in the line and their stage of 
development. 


Cumulus Stage 


Most cumulus clouds do not become thunderstorms. However, the initial stage of a 
thunderstorm is always a cumulus cloud. The main feature of the cumulus stage is the updraft 
which may extend from near the Earth’s surface to several thousand feet above the visible cloud 
top. The strongest updrafts occur at higher altitudes late in the stage and may be greater than 
3000 feet per minute. No precipitation is associated with this stage, however significant 
turbulence exists. 


Mature Stage 
The mature stage is reached when the raindrops and ice particles in the cloud have grown too 


large to be supported by the updrafts and begin to fall. Rain and/or hail falling from the cloud 
base indicates a downdraft has developed and the cell has entered the mature stages. The 
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average cell grows to a height of 25,000 feet during this stage. At higher latitudes, tops may be 
as low as 12,000 feet. 


Dissipating Stage 


Downdrafts continue to develop while the updrafts continue to weaken during the mature stage. 
As а result, the entire thunderstorm cell becomes an area of downdrafts with precipitation in the 
dissipating stage (Figure 4-1). Thunderstorms begin to dissipate when the updrafts, which are 
necessary to produce condensation and the resulting release of heat, are no longer present. 
During this stage the strong winds aloft may carry the upper section of the cloud into the familiar 
anvil form. However, the appearance of an anvil does not indicate the thunderstorm is free of 
hazards. Severe weather is present in many storms with a well-developed anvil. 
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Figure 4-1 Summary of Thunderstorm Stage Characteristics 
406. THUNDERSTORM WEATHER HAZARDS 


Some or all of the following hazards accompany thunderstorms: extreme turbulence, hail, 
microbursts, severe icing, lightning, and tornadoes. Turbulence is the worst hazard and hail is 
the second worst. 


Turbulence 


Severe turbulence is present in all thunderstorms. One of the major characteristics of every 
thunderstorm is updrafts and downdrafts that can occur near each other creating strong, vertical 
shear and turbulence. This turbulence can extend over 5000 feet above the cloud tops and down 
to the ground beneath the cloud base. It can damage an airframe and cause serious injury to 
passengers and crew. 


The first gust or gust front, a low level turbulent area between the cold downdrafts of a 
thunderstorm and the surrounding air of an approaching thunderstorm, is another form of 
turbulence that can cause a rapid and drastic change in the surface wind (Figure 4-2). An attempt 
to takeoff or land with an approaching thunderstorm nearby could have disastrous results. Gust 
fronts can travel 5 to 20 miles from the thunderstorm. 
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Figure 4-2 Gust Front 


A roll cloud on the lower leading edge of a cumulonimbus cloud marks an area of strong eddy 
currents and identifies the location of wind shear and severe turbulence occurring with the onset 
of the gust front (Figure 4-3). 





Figure 4-3 Roll Cloud 


Large pressure changes can accompany thunderstorm formation due to the turbulence of updrafts 
and downdrafts. Therefore, if the altimeter setting is not updated, the indicated altitude might be 
in error by over 200 feet. The pressure variations associated with thunderstorms follow a 
common pattern: 

1. A rapid fall in pressure as the storm approaches, 

2. An abrupt rise in pressure with the onset of the first gust and arrival of rain showers, and 


3. А gradual return to normal pressure as the storm passes and the rain ceases 


4-4 Thunderstorms 


AVIATION WEATHER CHAPTER FOUR 


Hail 


As а гше, the larger the storm, the more likely it is to produce hail. Hail has been encountered as 
high as 45,000 feet in completely clear air and may be carried up to 30 miles downwind from the 
storm core. Aircrews should anticipate possible hail with any thunderstorm, especially beneath 
the anvil of a large thunderstorm. Hailstones larger than 1/2 to 3/4 of an inch (Figure 4-4) can 
cause significant aircraft damage in a few seconds. Give yourself a clearance of at least 20 miles 
around a thunderstorm. 





Figure 4-4 Hailstones 


Lightning and Electrostatic Discharge 


Lightning occurs at all levels in a thunderstorm. The majority of lightning bolts never strike the 
ground, but occur between clouds or within the same cloud. Lightning also occurs in the clear 
air around the tops, sides, and bottoms of storms. Aircrews flying several miles from a 
thunderstorm can still be struck by the proverbial "bolt out of the blue.” Lightning strikes can 
also occur in the anvil of a well-developed or dissipated thunderstorm. Additionally, lightning 
strikes in the anvil have occurred up to three hours after the thunderstorm has dissipated. 


An electrostatic discharge (ESD) is similar to a lightning strike, but caused by the aircraft itself. 
The larger and faster the aircraft, the more particles it impacts, generating a greater static 
electricity charge on the airframe. The electrical field of the aircraft may interact with the cloud 
and an ESD may then occur. Aircraft have reported damage from ESD occurring in cirrus 
clouds downwind of previous thunderstorm activity, in cumulus clouds around a thunderstorm’s 
periphery, and even in stratiform clouds and light rain or showers. This release of static 
electricity is frequently called Saint Elmo’s fire. 
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Aircraft Lightning or Electrostatic Discharge Encounters 

Lightning strikes and ESD are the most reported weather-related aviation incidents. All types of 
aircraft are susceptible to lightning strikes and ESD. Aircraft have been struck by lightning or 
experienced ESD at altitudes ranging from the surface to at least 43,000 feet. 


Most lightning strikes occur when aircraft are operating in one or more of the following 
conditions: 


1. Within 8°C of the freezing level. 

2. Within approximately 5000 feet of the freezing level. 
3. In precipitation, including snow. 

4. Inclouds. 

5. І some turbulence. 


Note 


Not all these conditions need to occur for a lightning strike or an 
ESD to take place. 


Lightning strikes have varied effects on aircraft and aircrews (Figure 4-5). Usually the structural 
damage is minor, but it has the potential to be severe. Normally, it will only interrupt electrical 
circuits, causing damage to aircraft electrical systems, instruments, avionics, or radar. 
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Figure 4-5 Lightning Hazards 


Catastrophic fuel ignition can occur under certain conditions. In non-pressurized fuel tanks, a 
mixture of vaporized fuel and air fills the space above the liquid fuel. The proper ratio of fuel 
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vapor to air can form a highly explosive mixture. For this reason, as well as for battle 
survivability, most military aircraft fuel tanks are pressurized. 


Pilots are not immune to the effects of lightning strikes, either. Temporary night vision 
degradation can occur due to flash blinding, but turning cockpit lighting to maximum intensity 
can minimize this effect. Additionally, some pilots have experienced mild electric shock and 
minor burns. 


Tornadoes 


A tornado is a violent, intense, rotating column of air that descends from cumulonimbus clouds 
in funnel-like or tube-like shapes. If the circulation does not reach the surface, it is called a 
funnel cloud. If it touches down over the water, it is called a waterspout. A tornado vortex is 
normally several hundred yards wide, but some have been measured up to 2 1/2 miles wide. 
Within the tornado’s funnel-shaped circulation, winds have been measured at speeds over 

300 miles per hour, while the forward speed of tornadoes averages 30 to 40 knots. 


Observed as appendages of the main cloud, tornadoes often form in groups or families of funnel 
clouds, some as far as 20 miles from the lightning and precipitation areas. Innocent looking 
cumulus clouds trailing a thunderstorm may mask tornadic activity, and the vortex may not be 
visible to warn unwary aircrews. The invisible vortices may be revealed only by swirls in the 
cloud base or dust whirls boiling along the ground, but may be strong enough to cause severe 
damage to aircraft. 


Tornadoes form only with severe thunderstorms. The hazards they present have been chronicled 
often by news reports and television documentaries. To avoid tornadoes, avoid areas of severe 
thunderstorm activity. 


MICROBURSTS 


A microburst is an intense, highly localized downward atmospheric flow with velocities of 2000 
to over 6000 feet per minute. This downward flow diverges outward, producing a vortex ring of 
wind that can produce differential velocities ranging from 20 to 200 knots in an area only 1/4 to 
2 1/2 miles in diameter (Figures 4-6 and 4-7). Microbursts may emanate from any convective 
cloud, not just cumulonimbus clouds. Another unique aspect of a microburst is its short life 
span, usually only five to ten minutes after reaching the ground, which makes the study, and 
hence the prediction, of microbursts a difficult task. They are more likely to occur in mid- 
afternoons during summer months. 


Thunderstorms 4-7 


CHAPTER FOUR AVIATION WEATHER 


Horizontal 
Vortex (Ring) 


DIRECTION 
OF STORM ) 
gen wee 
“Geen, 


\ 
задр OUTWARD FLOW OF 
\ “- А COLD AIR THAT 


| N ХА PRECEDES THE RAIN 
\ 


ШІ 
ШИК Nk 
\\ \ SS 


ШТИ 
J Ху EEE ys 
ИРИНА WAN 

2 1/2 mi 


Figure 4-7 Cross Section of a Microburst 





The wind shear created by microbursts is extremely dangerous to aircraft during the takeoff, 
approach, and go-around phases of flight. Not all microbursts are associated with thunderstorms. 
Microbursts are possible with any rain shower, even if the rain isn’t reaching the ground (virga). 


In Figure 4-8, the aircraft at position 1 has entered a microburst. At this point, the crew may 
notice an increased angle of attack as the aircraft enters the upward flow of the vortex ring. 

Once inside the microburst, the aircraft will experience a strong increase in headwind, with a 
resulting increase in indicated airspeed and lift, which will cause the aircraft to pitch up (position 
2). A natural reaction of the pilot would be to reduce power and apply nose down stick force. 
This would correct the situation if the aircraft was not in a microburst, and would appear to work 
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here until the reaching position 3. At this point, the aircraft will be in а severe downdraft, and a 
transition from a strong headwind to a strong tailwind will occur (position 4). The resulting loss 
of indicated airspeed and lift will cause the aircraft to pitch down and lose altitude. At this point 
(or earlier), the correct reaction would be to add maximum power and establish a climbing 
attitude on the vertical gyro. Chances of successful recovery depend on reaction time, aircraft 
performance capabilities, and the altitude of the aircraft. 
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Figure 4-8 Attitude Changes with Microburst Penetration 


If you encounter a microburst on final approach or on takeoff, the results could be disastrous. 
The best course of action is to avoid microbursts at all costs. This point cannot be over 
emphasized. You must always be alert for the warning signs of a microburst. Remember, avoid, 
avoid, avoid. You may only get one chance to make a life or death decision. 


Methods of Microburst Detection 


Microbursts are such a dangerous phenomenon, early detection is vital to mishap prevention. In 
most microburst accidents warning signs have been ignored, misinterpreted, or misunderstood. 
You must evaluate the warning signs and make a decision quickly and decisively. Here are some 
very important clues indicating the presence of microburst. 


Ground-based Doppler radar now has the capability to accurately detect hazards that can take the 
form of microbursts, tornadoes, and other low-level wind shear activity. Therefore, when 
weather observations or recordings mention low-level wind shear, or call for gusty winds, heavy 
rain, or severe thunderstorms, be aware the potential for microburst activity exists. 
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Visual cues are also very important in detecting microbursts. In fact, in many fatal wind shear 
mishaps the pilot continued the approach or takeoff in visible and known thunderstorm 
conditions. Visual cues include virga, localized blowing dust (especially in circular or elliptical 
patterns), rain shafts with rain diverging away from the core of the cell, roll clouds, and 
experiencing vivid lightning or tornado-like activity. 


If you suspect the potential for wind shear conditions prior to takeoff or landing, get additional 
information from the tower or base weather station to include the latest radar report and pilot 
reports (PIREPs). Some airfields even have a wind shear warning system to help you. These 
sources will not identify every microburst situation, so if in doubt, wait it out! If you do 
encounter a wind shear condition, you must make a PIREP to warn fellow aviators about the 
dangerous situation. Your PIREP should include the location where the activity was 
encountered, an estimate of its magnitude and, most importantly, a description of what was 
experienced, such as turbulence, airspeed gain or loss, glidepath problems, etc. 


Icing 


Expect severe icing in thunderstorms where the free-air temperature is at or below freezing. 
Since heavy rainfall and turbulence most frequently occur at the freezing level, this particular 
altitude appears to be the most hazardous. Most of the icing, however, occurs in the top 2/3 of 
the thunderstorm cell. Note that the actual altitude of the freezing level will fluctuate with the up 
and downdrafts, and be lower in the area of downdrafts. Due to the heavy amounts of moisture 
and large water droplets, the icing in thunderstorms is mostly clear icing, accumulating rapidly 
on the airfoils and other aircraft surfaces. Other aspects of icing will be covered in more detail in 
Chapter Five. 


407. RADAR THUNDERSTORM INFORMATION 
Ground-based weather radar is the most accurate means of tracking thunderstorms. In addition 
to the locating and tracking of cumulonimbus cells, their intensities can also be determined. The 


large drops of water and hail, if present, within thunderstorms yield the strongest return signals. 
Smaller droplets result in dimmer areas on the scope and snow produces the faintest echo. 
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Figure 4-9 NEXRAD Doppler Radar Composite 


Detection and warnings are more accurate with the modern NEXRAD Doppler radar systems 
(Figure 4-9). This is particularly true for microbursts and wind shear alerts. 


A direct relationship exists among the strength of the radar echoes, the presence of aircraft icing, 
and the intensity of turbulence. Stronger radar echoes are associated with more severe 
thunderstorms. 


The following weather radar information is of particular interest to pilots: 


1. А thunderstorm with radar echo tops indicated above 35,000 feet often contains extreme 
turbulence and hail. 


2. Hazardous weather associated with scattered echoes can usually be circumnavigated. 
However, if the lines or areas are reported as broken or solid and are of moderate to strong 
intensity, hazardous weather can be avoided only if the aircraft is radar equipped. 


3. Severe clear air turbulence and hail may be experienced between thunderstorms if the 
separation between echoes is less than 30 miles. 


Ground-based weather radar is most valuable to a pilot when there are numerous thunderstorms 
obscured by multiple cloud layers. However, echoes can change shape, character, and intensity 
in a matter of minutes when updrafts reach velocities of over 6000 feet per minute. Therefore, 
radar information received before takeoff may be worthless by the time thunderstorms are 
encountered. 
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A pilot with airborne weather radar should remember that radar does not eliminate the hazards of 
the thunderstorm. It merely helps to locate the most severe conditions. Since the radarscope 
indicates only precipitation areas within thunderstorms, hazards can be encountered even in soft 
spots. Thunderstorms having frequent, vivid lightning discharges are especially dangerous. 


Airborne weather radar should be used as an avoidance rather than penetration tool. The pilot 
should take time to properly evaluate scope indications and watch for trends in order to avoid the 
most intense echo patterns. The pilot without airborne weather radar should make no attempt to 
find soft spots on the basis of radar information not current up-to-the-minute. 


408. FLIGHT TECHNIQUES IN THE VICINITY OF THUNDERSTORMS 


Since thunderstorms have so many potential hazards, it is appropriate to list some recommended 
practices for pilots who must cope with these “uninvited guests.” As far as flying is concerned, 
there is no such thing as a small thunderstorm, so some common sense recommendations are 
provided below: 


1. If at all possible, avoid thunderstorms. 


2. Do not venture closer than 20 miles to any storm cloud with overhanging anvils because of 
the possibility of encountering hail. 


3. Do not attempt to fly under thunderstorms in mountainous regions even if the area on the 
other side of the mountains can be seen. Strong enough winds providing the lifting action to 
produce the thunderstorms can also create extreme turbulence between mountain peaks. 


4. If at all possible, avoid flying under thunderstorms because updrafts апа downdrafts can 
exceed the performance of the aircraft. 


5. Do not take off or land if a thunderstorm is approaching. Sudden wind shifts or 
microbursts can cause control problems. 


6. Do not fly into a cloud mass containing scattered embedded thunderstorm without airborne 
radar. Radar is necessary to “see” storms in the cloud mass. Scattered thunderstorms can be 
circumnavigated visually unless they are embedded. 


7. To avoid lightning do not penetrate a thunderstorm or fly through the cirrus anvil of a well- 
developed or dissipated thunderstorm. Aircraft should also avoid clouds downwind of 
thunderstorms. 


8. The brighter and more frequent the lightning, the more severe the thunderstorm. 


9. Regard any thunderstorm with tops 35,000 feet or higher as severe. 


Avoid thunderstorms if at all possible using the following recommendations, listed in order of 
priority: 


1. Fly around (circumnavigate) the storm. 


2. Ну over the top of the storm. 
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3. Fly under the storm. 
4. If itis not possible to avoid the storm(s), fly through the lower 1/3 of the storm. 


When thunderstorms are isolated, they are easily circumnavigated provided the surrounding area 
is clear of masking clouds. If lines of thunderstorms are present or if masking clouds obscure the 
area around the storm, other techniques must be employed. 


Circumnavigation 


Circumnavigation presents no special flight problems. When the aircrew determines 
circumnavigation is possible, they merely alter course to take them around the storm 

(Figure 4-10). Since most individual thunderstorm cells are about five to ten miles in diameter, 
detouring to one side or another would not appreciably add to either the time or distance of the 
flight. In case of a line of thunderstorms, it is sometimes possible to circumnavigate them by 
flying through thin spots of precipitation between the storms. Exercise care in this procedure 
because another thunderstorm may lie on the other side of a thin spot. 





Figure 4-10 Around a Thunderstorm 


Over the Top 


When circumnavigation of thunderstorms is not possible, the next best course of action is to go 
over the top (Figure 4-11). Realize, thunderstorms build to great heights and this procedure is 
restricted to aircraft with the capability and fuel to climb to these altitudes. Some turbulence 
may be encountered in the clear air above the cloud. Additionally, hail can be thrown out the top 
of the cumulonimbus cloud. Thus, allow a margin of safety by choosing an altitude separation 
from the top of the thunderstorm of 1000 feet for every ten knots of wind speed at the altitude of 
the tops. Oftentimes, aircraft cannot climb over the top of the cloud, but it will still be possible 
to fly over the saddlebacks between the build-ups. 
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Figure 4-11 Over the Top 


Underneath 


If you are unable to circumnavigate the thunderstorms in your area and the ceiling capabilities of 
your aircraft will not permit an over-the-top flight, you should consider flying below the base of 
the cloud. The speed of downdrafts usually decreases closer to the surface (Unless a microburst 
is present!). Therefore, an altitude should be selected which will keep you as far away from the 
cloud base as possible and still enable you to maintain adequate terrain clearance. Here you can 
use the 1/3 rule which specifies selecting an altitude 1/3 the distance from the surface to the base 
of the cloud (Figure 4-12). This procedure is not recommended for areas of mountainous terrain. 
Below the storm, expect a low ceiling, poor visibility, and moderate turbulence. Perhaps the 
most dangerous threat to flight below a thunderstorm is the downburst or microburst, which can 
be deadly to the unsuspecting pilot. 
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Figure 4-12 Under the Thunderstorm 


Penetration 


Mission urgency or fuel state dictates whether thunderstorm penetration is required when 
avoidance is not possible. The lower in the storm the penetration is made, the less the chance of 
encountering hail, structural icing, or being struck by lightning. Therefore, another version of 
the 1/3 rule applies: penetrate through the lower 1/3 of the storm, since most hazards are more 
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severe in top 2/3 of the cell (Figure 4-13). However, with the strong updrafts and downdrafts, 
adequate terrain clearance should also be considered in the selection of a penetration level. 
When crossing a line of thunderstorms (a squall line for example), attempt to determine the 
orientation of the line and penetrate the line at right angles (Figure 4-14). During the penetration 
of a thunderstorm, do not attempt to turn back once you are inside the storm. Remember, single- 
cell thunderstorms are only about one to five miles in diameter, and turning around will only 
increase your time in the storm. Turning around can also result in a pilot becoming disoriented 
and flying in the storm for a considerably longer period of time than continuing directly through 
the storm in the first place. With no other information to make a decision, a penetration altitude 
between 4000 and 6000 feet AGL should be adequate. 
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Figure 4-14 Thunderstorm Penetration 
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Penetration Procedures 


The faster a plane is going when it strikes an updraft or downdraft, the greater the shock. Refer 
to your flight manual for the recommended turbulent air penetration speed. 


Once inside the storm, the pilot should let the plane ride out the updrafts and downdrafts and 
concentrate on maintaining a level attitude. With power set to maintain the proper airspeed, 
maintaining the same attitude will result in only minor airspeed variations. However, the 
aircraft’s altitude may vary by thousands of feet. The rapidly changing pressure conditions 
within the storm will result in unreliable indications and erratic variations in altitude, airspeed, 
and rate of climb instruments. Since the attitude gyro is independent of the pitot-static system, 
its indications should be considered reliable. 


If thunderstorm penetration is unavoidable or you inadvertently fly into a thunderstorm, follow 
these procedures: 


1. Secure all loose objects, tighten your lap belt and lock your shoulder harness. Turn cockpit 
lights up to highest intensity. 


2. Turn on pitot heat. (Ifthe aircraft is equipped with engine anti-ice, turn it on. Neither the 
T-34 nor the T-6 has engine anti-ice.) 


3. If able, plan your course to take you through the storm in minimum time, penetrating below 
the freezing level or above -20°C to avoid the most critical icing areas. 


4. Establish the recommended turbulent air penetration speed and disengage the autopilot to 
minimize control inputs that could increase structural stresses. 


5. Don’t chase the airspeed and minimize power changes. Expect significant deviations in 
attitude and altitude. Keep your eyes on your instruments. 


6. Don’t turn back once in the thunderstorm. 


Experience in severe weather flying is gained by necessity more often than by design and 
planning. Your first flight experience near a severe thunderstorm will make the dangers listed in 
this chapter all too real. Pilots should not knowingly fly into severe weather if the mission does 
not demand it. In making a “go/no-go” decision, consider it better to arrive at the destination late 
than not at all. 
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STUDY QUESTIONS 
Thunderstorms 


1. The atmospheric conditions necessary for the formation of a thunderstorm include а 
combination of 





stable air or relatively low humidity and some type of lifting action 
stable air of relatively high humidity and some type of subsiding action 
unstable air of relatively low humidity and some type of subsiding action 
unstable air of relatively high humidity and some type of lifting action 


ao ср 


2. Select the best match of a thunderstorm's life cycle with the appropriate characteristics. 


Cumulus — updrafts 

Mature — updrafts, downdrafts and hazards 
Dissipating — updrafts 

Both a and b 


ро ср 


3. | Which one of the following hazards to flight are associated with thunderstorms? 


Hail, turbulence, and lightning 
Hail, icing, and microbursts 
Hail, turbulence, and icing 

All of the above are correct 


ao Tf 


4. Which one of the following is an indication of turbulence found in thunderstorms? 


Cirrus clouds 

The gust front 
Orographic lifting 
Severe icing 


ao Tf 


5. Which one of the following type clouds could indicate the possibility of microburst 
activity? 


a. Convective only 
b. | Cumulonimbus only 
с. Both a and b 
d. Nimbostratus 


6. Which one of the following telltale signs in the vicinity of thunderstorms should alert you 
to the possibility of microburst activity? 


Roll clouds 
Blowing dust 
Gusty conditions 
All of the above 


осор 
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7. Which one of the following is/are correct concerning thunderstorm recommended flight 
techniques? 


a. 


b. 


с. 
4. 


Penetration of a thunderstorm should be at an altitude of 4000 to 6000 feet AGL. 
When flying under a thunderstorm, select an altitude 1/3 the distance from the surface 
to the base of the cloud. 

Both a and b above are correct. 

Neither a or b above are correct. 


8 When flying through a thunderstorm a pilot should concentrate on maintaining a level 


attitude. 
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CHAPTER FIVE 
Weather Hazards of Turbulence, Icing, Ceilings, Visibility, and Ash Clouds 


500. INTRODUCTION 


This chapter will cover the causes of turbulence, classification of the various categories of 
turbulence, conditions under which turbulence exists, and recommend flying procedures used 
when turbulence is encountered. Additionally, it covers the requirements for icing formation, 
types of icing, and their effects on aircraft flight and aircraft components, including techniques 
that should be followed for safe flight. Finally, this chapter introduces the student to ceilings and 
visibility, sky coverage terminology, and the requirements for fog formation and dissipation, plus 
a synopsis of the aviation hazards of volcanic ash clouds. 


Turbulence is one of the most unexpected aviation hazards to fly through and also one of the 
most difficult hazards to forecast. Severe and extreme turbulence has been known to cause 
extensive structural damage to military aircraft, with lesser intensities resulting in compressor 
stalls, flameouts, and injury to crewmembers and passengers. From minor bumps to severe 
mountain wave turbulence, turbulence comes in many forms and is usually worst during the 
winter months. Turbulence causes an estimated $30 million in annual aviation assets damage. 


Aircraft icing is another aviation weather hazard. Many aircraft accidents and incidents have 
been attributed to aircraft icing. In fact, many ice-related mishaps have occurred when the 
aircraft was not deiced before attempting takeoff. Most of the time, ground deicing and anti- 
icing procedures adequately handle icing formation. However, there are times when pilots are 
caught unaware of dangerous ice buildup. 


Historically, low ceilings and poor visibilities have contributed to many aircraft accidents. Fog, 
heavy snow, heavy rain, blowing sand, and blowing dust all restrict visibility and can result in 
low ceilings. Adverse weather conditions causing widespread low ceilings and visibilities can 
restrict flying operations for days. Since ceiling and visibility is so important to operational 
flying, it is imperative a pilot understands the strict meanings of the two terms. There are many 
different kinds of “visibility,” but pilots are usually more concerned with “prevailing visibility.” 


Ash clouds from volcanic eruptions present a unique hazard to aviation. Though most prudent 
aviators would choose to keep well clear of any active volcano, certain situations such as 
evacuations may require the military to operate in close proximity to ash clouds. The 
corresponding causes of aircraft damage are discussed in the last portion of the chapter. 

501. LESSON TOPIC LEARNING OBJECTIVES 

Terminal Objective: Partially supported by this lesson topic: 

2.0 Ороп completion of this unit of instruction, student aviators and flight officers will 


demonstrate knowledge of meteorological theory enabling them to make intelligent 
decisions when confronted with various weather phenomena and hazards. 
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Enabling Objectives: Completely supported by this lesson topic: 

2.48 List the types and intensities of turbulence used in Pilot Reports (PIREPs). 
2.49 Define the terms used to report turbulence with respect to time. 

2.50 Describe how thermal turbulence develops. 

2.51 Describe cloud formations associated with thermal turbulences. 

2.52 Describe how mechanical turbulence develops. 

2.53 Describe the cloud formations associated with mountain wave turbulence. 
2.54 Describe techniques for flight in the vicinity of mountain waves. 

2.55 Describe how frontal lifting creates turbulence. 


2.56 Describe how jet streams and temperature inversions are examples of wind shear 
turbulence. 


2.57 Describe the recommended procedures for flying through turbulence. 
2.58 Describe super cooled water. 

2.59 Describe the types of structural icing. 

2.60 State the requirements for the formation of structural icing. 

2.61 State the temperature range most conducive to structural icing. 

2.62 Identify icing conditions associated with fronts. 

2.63 Identify the effects and hazards of aircraft icing. 

2.64 Describe induction icing and compressor icing. 

2.65 Describe ground icing hazards. 

2.66 Identify the procedures to minimize or avoid the effects of icing. 
2.67 List the types and intensities of icing used in Pilot Reports (PIREPs). 


2.68 Define the following terms: visibility, flight visibility, prevailing visibility, slant range 
visibility, and runway visual range. 
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2.69 Define and identify obscuring phenomena. 

2.70 List the sky coverage terms that define a ceiling. 

2.71 Identify the parameters that define fog. 

2.72 Identify the requirements for fog formation. 

2.73 Identify the two main types of fog and how they form and dissipate. 
2.74 Describe the aviation hazards of ash clouds. 

502. REFERENCES 


1. Weather for Aircrews, AFH 11-203, Volume 1, Chapters 9, 10, 11, 12, and 16 

2. DOD Flight Information Publication (En route) Flight Information Handbook, Section C 
503. STUDY ASSIGNMENT 

Review Chapter Five and answer the Study Questions. 

504. TURBULENCE DEFINED AND CLASSIFIED 

Turbulence is any irregular or disturbed flow in the atmosphere producing gusts and/or eddies. 
Occurrences of turbulence are local in extent and transient in character. Although general 
forecasts of turbulence are quite good, forecasting precise locations is difficult. 

Turbulence intensity is classified using a subjective scale. Figure 5-1 contains the four intensity 
levels and the three time descriptors used by aircrews when giving a Pilot Report (PIREP), which 
details the in-flight weather. You can see how individual crewmembers of the same aircraft 


might disagree on the degree of turbulence they encountered. Realize moderate turbulence for a 
B-52 could be severe or extreme for a T-34. 
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Aircraft Reaction Reaction Inside Aircraft 


Turbulence that momentarily causes slight, erratic Oy pame may fela heit 
Я : | у strain against seat belts ог 
changes in altitude and/or attitude (pitch, roll, yaw). 
; 1 shoulder straps. Unsecured 
Report as Light Turbulence; : ; 
Licht с objects тау be displaced 
8 slightly. Food service may be 


Turbulence that causes slight, rapid, and somewhat 
rhythmic bumpiness without appreciable changes in 
altitude or attitude. Report as Light Chop. 


conducted and little or no 
difficulty is encountered in 
walking. 


Turbulence that is similar to Light Turbulence but of 
greater intensity. Changes in altitude and/or attitude 
occur but the aircraft remains in positive control at all : А 
. атат Occupants feel definite strains 
times. It usually causes variations in indicated 4 
airspeed. Report as Moderate Turbulence; ! они Srel BENE or boulder 
Moderate ркы Өр ; straps. Unsecured objects аге 


or 

Turbulence that is similar to Light Chop but of greater 
intensity. It causes rapid bumps or jolts without 
appreciable changes in aircraft altitude or attitude. 
Report as Moderate Chop. 


: Occupants are forced 
Turbulence that causes large, abrupt changes in СОВ ; 
; i violently against seat belts or 
altitude and/or attitude. It usually causes large 
215270520294 8 : shoulder straps. Unsecured 
Severe | variations in indicated airspeed. Aircraft may be 


dislodged. Food service and 
walking are difficult. 


| objects are tossed about. Food 
momentarily out of control. Report as Severe М : 
І service апа walking аге 
Turbulence; 


impossible. 
Turbulence in which the aircraft is violently tossed 
about and is practically impossible to control. It may 
Extreme 
cause structural damage. Report as Extreme 


Turbulence. 
‘High level turbulence (normally above 15,000 feet MSL) not associated with cumuliform 
cloudiness, including thunderstorms, should be reported as CAT (clear air turbulence) preceded by 
the appropriate intensity, or light or moderate chop. 


NOTE: Reporting Term Definition 
Occasional Less than 1/3 of the time 
Intermittent 1/3 to 2/3 of the time 
Continuous More than 2/3 of the time 








Figure 5-1 PIREP Turbulence Reporting 


The different types of turbulence can be divided according to their causative factors: thermal, 
mechanical, frontal, and large-scale wind shear. 


Two or more of these causative factors often work together. Any of the four types of turbulence 


may occur without the visual warning associated with clouds. Turbulence in the absence of or 
outside of clouds is referred to as clear air turbulence (CAT). 
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Clear Air Turbulence 


CAT normally occurs outside of clouds and usually occurs at altitudes above 15,000 feet MSL, 
due to strong wind shears in the jet stream. CAT is not limited to jet streams, in fact CAT can be 
found in each of the four categories of turbulence, but the most severe CAT is associated with jet 
streams. You may also notice the Wind Shear category of turbulence is only CAT. 


Thermal Turbulence 


The thermal or convective turbulence forms as a result of heating from below. Localized vertical 
convective currents resulting from surface heating or cold air moving over warmer ground cause 
thermal turbulence. Strong solar heating of the Earth’s surface can result in localized vertical air 
movements, both ascending and descending. For every rising current, there is a compensating 
downward current usually slower in speed since it covers a broader area. Such vertical air 
movements can also result from cooler air being heated through contact with a warm surface. 


PLOWED FIELD 
BIG CITY 


GRASSY AREA 


FACTORY 


DENSELY WOODED AREA 





Figure 5-2 Strength of Thermal Currents Vary with Composition of Surface 


The strength of thermal currents depends in part on the extent to which the Earth’s surface has 
been heated, which in turn, depends upon the nature of the surface (Figure 5-2). Notice in the 
illustration, dry- barren surfaces such as sandy or rocky wasteland and plowed fields absorb heat 
more readily than surfaces covered with grass or other vegetation, which tend to contain more 
moisture. Thus, barren surfaces generally cause stronger convective currents. In comparison, 
water surfaces are heated more slowly. The difference in surface heating between land and water 
masses is responsible for the turbulence experienced by aircrews when crossing shorelines on hot 
summer days. 
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Figure 5-3 Airflow Over Irregular Terrain 


When air is very dry, convective currents may be present even though convective-type clouds 
(cumulus) are absent. The upper limits of the convective currents are often marked by haze lines 
or by the tops of cumulus clouds that form when the air is moist. Varying surfaces often affect 
the amount of turbulence experienced in the landing pattern and on final approach. 


Mechanical Turbulence 


Mechanical turbulence results from wind flowing over or around irregular terrain or man-made 
obstructions. When the air near the surface of the Earth flows over obstructions, such as bluffs, 
hills, mountains, or buildings, the normal horizontal wind flow is disturbed and transformed into 
a complicated pattern of eddies and other irregular air movements (Figure 5-3). An eddy current 
is a current of air (or water) moving contrary to the main current, forming swirls or whirlpools. 
One example of mechanical turbulence may result from the buildings or other obstructions near 
an airfield. 


The strength and magnitude of mechanical turbulence depends on the speed of the wind, the 
roughness of the terrain (or nature of the obstruction), and the stability of the air. Stability seems 
to be the most important factor in determining the strength and vertical extent of the mechanical 
turbulence. When a light wind blows over irregular terrain, the resulting mechanical turbulence 
has only minor significance. When the wind blows faster and the obstructions are larger, the 
turbulence intensity increases and extends to higher levels. 
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Mountain Wave Turbulence 


When strong winds blow approximately perpendicular to a mountain range, the resulting 
turbulence can be severe. Associated areas of steady updrafts and downdrafts may extend to 
heights from 2 to 20 times the height of the mountain peaks. When the air is stable, large waves 
tend to form on the lee side of the mountains and extend up to the lower stratosphere for a 
distance of up to 300 miles or more downwind. 


OCDHERE 


TROPOPAUSE | TURBULENT LAYER 
TROPOSPHERE 





Figure 5-4 Mountain Wave Turbulence 


These are referred to as standing waves or mountain waves, and may or may not be accompanied 
by turbulence (Figure 5-4). Pilots, especially glider pilots, have reported the flow in these waves 
is often remarkably smooth. Others have reported severe turbulence. 


Even though mountain wave turbulence may be present, when the airflow begins to move up the 
windward side of the mountain, it is usually fairly smooth as the orographic lifting imparts the 
vertical component to the motion of the air. The wind speed gradually increases, reaching a 
maximum near the peak of the mountain. Past the peak, the air naturally flows down the leeward 
side, completing one cycle of oscillation and setting up the standing wave pattern of the 
mountain wave turbulence. Downwind, perhaps five to ten miles from the peak, the airflow 
begins to ascend again, where the rotor or lenticular clouds may appear. Additional waves, 
generally less intense than the primary wave, may form farther downwind. Note in Figures 5-4 
and 5-5 the mountains are on the left and the wind is flowing from left to right. 


While lenticular, cap, and rotor clouds are usually present to warn aircrews of mountain wave 
activity, it is possible for wave action to take place when the air is too dry to form clouds, 
producing CAT. Still, cloud forms particular to wave action provide the best means of 
identifying possible turbulence, aside from weather forecasts and PIREPs. Although the 
lenticular clouds in Figure 5-5 are smooth in contour, they may be quite ragged when the airflow 
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at that level is turbulent. These clouds may occur singularly or in layers at heights usually above 
20,000 feet. The rotor cloud forms at a lower level and is generally found at about the same 
height as the mountain ridge. The cap cloud usually obscures both sides of the mountain peak. 
The lenticular clouds (Figure 5-5), like the rotor and cap clouds, are stationary in position, even 
though the wind flows through them. 





Figure 5-5 Lenticular Clouds 


The pilot is concerned, for the most part, with the first wave because of its more intense activity 
and proximity to the high mountainous terrain. Extreme turbulence is usually found at low levels 
on the leeward side of the mountain in or near the rotor and cap clouds when the winds are 

50 knots or greater at the mountaintop. With these wind conditions, severe turbulence can 
frequently be found to exist from the surface to the tropopause and 150 miles downwind. 
Moderate turbulence can be experienced often as far as 300 miles downwind under those same 
conditions. When the winds are less than 50 knots at mountain peak level, a lesser degree of 
turbulence may be experienced. 


Mountain wave turbulence is dangerous in the vicinity of the rotor clouds and to the leeward side 
of the mountain peaks. The cap cloud must always be avoided because of the turbulence and the 
concealed mountain peaks. 


Apply the following techniques when mountain wave turbulence has been forecasted: 
1. Avoid the turbulence, if possible, by flying around the areas where wave conditions exist. 
If this is not feasible, fly at a level at least 50% higher than the height of the mountain range. 


This procedure will not keep the aircraft out of turbulence, but provides a margin of safety if a 
strong downdraft is encountered. 
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2. Avoid the rotor, lenticular, and the cap clouds since they contain intense turbulence and 
strong updrafts and downdrafts. 


3. Approach the mountain range at a 45° angle, so a quick turn can be made away from the 
ridge if a severe downdraft is encountered. 


4. Avoid the leeward side of mountain ranges, where strong downdrafts may exist, until 
certain turbulence is not a factor. 


5. Do not place too much confidence in pressure altimeter readings near mountain peaks. 
They may indicate altitudes more than 2500 feet higher than the true altitude. 


6. Slow to the turbulence penetration airspeed recommend in your aircraft NATOPS or 
Dash-One Technical Order. 


Frontal Turbulence 


Frontal turbulence is caused by lifting of warm air, a frontal surface leading to instability, or the 
abrupt wind shift between the warm and cold air masses. The vertical currents in the warm air 
are the strongest when the warm air is moist and unstable. The most severe cases of frontal 
turbulence are generally associated with fast-moving cold fronts. In these cases, mixing between 
the two air masses, as well as the differences in windspeed and or direction (wind shear), add to 
the intensity of the turbulence. 





Figure 5-6 Frontal Turbulence 


Ignoring the turbulence resulting from any thunderstorm along the front, Figure 5-6 illustrates 
the wind shift contributing to the formation of turbulence across a typical cold front. The wind 
speeds are normally greater in the cold air mass. 

Wind Shear Turbulence 

Large-scale wind shear turbulence results from a relatively steep gradient in wind velocity or 


direction producing eddy currents that result in turbulence. Wind shear is defined as a sudden 
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change in windspeed or direction over a short distance in the atmosphere. The greater the 
change in windspeed and/or direction in a given area, the more severe the turbulence will be. 
These turbulent wind shear flight conditions are frequently encountered in the vicinity of the jet 
stream, where large shears in both the horizontal and vertical planes are found, as well as in 
association with land and sea breezes, fronts, inversions, and thunderstorms. Strong wind shear 
can abruptly distort the smooth flow of wind, creating rapid changes in aircraft performance. 


Jet stream turbulence is described in Chapter Two as one of the major sources of wind shear 
turbulence, which can sometime reach speeds of over 250 knots (Figure 5-7). The highest wind 
speeds and probable associated turbulence is found about 5000 feet below the tropical 
tropopause and closer to the tropopause in the polar regions. The rapid change of wind speed 
within a short distance of the jet core is particularly significant. The vertical shear is generally 
close to the same intensity both above and below the core, and it may be many times stronger 
than the horizontal shear. The horizontal shear on the cold air side of the core is stronger than on 
the warm air side. Thus, if it is desired to exit jet stream turbulence, a turn to the south should 
result in smoother air. Additionally, a climb or descent to a different flight level should help, as 
jet stream turbulence often occurs in patches averaging 2000 feet deep, 20 miles wide, and 

50 miles long. If changing altitude, watch the outside air temperature for a minute or two to 
determine the best way to exit the CAT quickly. If the temperature is rising, climb; if the 
temperature is falling, descend. This maneuver will prevent following the sloping tropopause or 
frontal surface and thereby staying in the turbulent area. If the temperature remains the same, 
either climb or descend. 


3000-7000 feet thick 100-400 miles wide 


Ad 


1000-3000 miles long 50-400+ kts 





Figure 5-7 Jet Stream Diagram 
Temperature Inversions 


Recall from Chapter One the lapse rate where temperature increases with altitude, there is a 
temperature inversion. Even though this produces a stable atmosphere, inversions can cause 
turbulence at the boundary between the inversion layer and the surrounding atmosphere. The 
resulting turbulence can often cause a loss of lift and airspeed near the ground, such as when a 
headwind becomes a tailwind, creating a decreasing-performance wind shear. It is important to 
know how to recognize and anticipate an inversion in flight so you can prepare and take 
precautions to minimize the effects. If you are caught unaware, the loss of lift can be 
catastrophic because of your proximity to the ground. Inversions often develop near the ground 
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on clear, cool nights when the winds are light and the air is stable. If the winds just above the 
inversion grow relatively strong, wind shear turbulence can result. 


Figure 5-7 shows a wind shear zone and the turbulence that developed between the calm air and 
stronger winds above the inversion. When taking off or landing in near-calm surface winds under 
clear skies within a few hours of sunrise, watch for a temperature inversion near the surface. If 
the wind at 2000 to 4000 feet AGL is 25 knots or more, expect a shear zone at the inversion. To 
prepare yourself, allow a margin of airspeed above normal climb or approach speed if turbulence 
or a sudden change in wind speed occurs in order to counteract the effects of a diminished 
headwind or increased tailwind at and below the inversion. 





Figure 5-8 Wind Shear Associated With a Temperature Inversion 


Turbulence Associated with Thunderstorms 


The strongest turbulence within cumulonimbus clouds occurs with the shear between the 
updrafts and downdrafts. Outside the clouds, wind shear turbulence has been encountered 
several thousand feet above and 20 miles laterally from a severe storm. Severe turbulence can be 
encountered in the anvil 15 to 30 miles downwind. The storm cloud is only the visible portion of 
a turbulent system whose updrafts and downdrafts often extend outside the storm. 


Flight Techniques For Turbulence 
If you cannot avoid flying in turbulence, recommend the following procedures: 
1. Establish and maintain thrust settings consistent with turbulent air penetration airspeed and 


aircraft attitude. Severe turbulence may cause large and rapid variations in indicated airspeed. 
Do not chase airspeed. 


2. Trim the aircraft for level flight at the recommended turbulent air penetration airspeed. Do 
not change trim after the proper attitude has been established. 
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3. ТһеКеу to flying through turbulence is proper attitude control. Both pitch and bank should 
be controlled by reference to the attitude gyro indicator. Extreme gusts may cause large changes 
in pitch or bank. To avoid overstressing the aircraft, do not make abrupt control inputs. Use 
moderate control inputs to reestablish the desired attitude. 


4. Severe vertical gusts may cause appreciable altitude deviations. Allow altitude to vary. 
Sacrifice altitude to maintain desired attitude. Do not chase the altimeter. 


505. AIRCRAFT ICING 


Summary of Air Florida Mishap 


On January 13, 1982, Air Florida Flight 90, a Boeing 727-222 (N62AF), was a scheduled 
flight to Fort Lauderdale, Florida, from Washington National Airport, Washington D.C. 
There were 74 passengers, including 3 infants, and 5 crewmembers on board. The flight’s 
scheduled departure time was delayed about 1 hour 45 minutes because of moderate to 
heavy snowfall, which necessitated the temporary closing of the airport. 


Following takeoff from runway 36, which was made with snow and/or ice adhering to the 
aircraft, the aircraft at 1:31 EST crashed into the barrier wall of the northbound span of 
the 14" Street Bridge, which connects the District of Columbia with Arlington County, 
Virginia, and plunged into the ice-covered Potomac River. It came to rest on the west 
side of the bridge 0.75 nm from the departure end of runway 36. Four passengers and one 
crewmember survived the crash. 


When the aircraft hit the bridge, it struck seven occupied vehicles and then tore away a 
section of the bridge barrier wall and bridge railing. Four persons in the vehicles were 
killed; four were injured. 


The National Transportation Safety Board determined that the probable cause of this 
accident was the flight crew’s failure to use engine anti-ice during ground operation and 
takeoff, their decision to takeoff with snow/ice on the airfoil surfaces of the aircraft, and 
the captain’s failure to reject the takeoff during the early stage when his attention was 
called to anomalous engine instrument readings. Contributing to the accident were the 
prolonged ground delay between deicing and the receipt of ATC takeoff clearance during 
which the airplane was exposed to continual precipitation, the known inherent pitch up 
characteristics of the B-727 aircraft when the leading edge is contaminated with even 
small amounts of snow or ice, and the limited experience of the flight crew in jet transport 
winter operations. 





Figure 5-9 Air Florida Mishap Abstract 


Figure 5-9 graphically demonstrates that icing poses a serious threat to aviation. No matter 
which part of the world home base is located, icing can become a hazard to any phase of flight, 
not just the takeoff or landing phase. Aircraft icing is classified into two main groups: structural 
and engine icing. 
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Structural icing forms on the external structure of an aircraft. Structural ice forms on the wings, 
fuselage, antennas, pitot tubes, rotor blades, and propellers. Significant structural icing on an 
aircraft can cause control problems and dangerous performance degradation. The types of 
structural icing are clear, rime, mixed, and frost. 

Engine icing occurs when ice forms on the induction or compressor sections of an engine, 
reducing its performance. 


Icing Requirements 


There are two requirements for the formation of aircraft icing. First, the atmosphere must have 
super-cooled visible water droplets. Second, the free air temperature and the aircraft’s surface 
temperature must be below freezing. 


Clouds are the most common form of visible liquid water and super-cooled water is liquid water 
found at air temperatures below freezing. When super-cooled droplets strike an exposed object, 
such as a wing, the impact induces freezing and results in aircraft icing. Therefore, when 
penetrating a cloud at subzero temperatures, icing should be expected. Frozen precipitation in 
solid form (hail, snow grains, ice pellets) does not cause structural icing. 


Super-cooled water forms because, unlike bulk water, water droplets in the free air do not freeze 
at 0°C. Instead, their freezing temperature varies from —10 to —40 degrees С: the smaller the 
droplets, the lower the freezing point. As a general rule, serious icing is rare in clouds with 
temperatures below —20°C since these clouds are almost completely composed of ice crystals. 
However, icing is possible in any cloud when the temperature is 0°C or below. 


Structural Icing Conditions 


Clear icing normally occurs at temperatures between 0 and —10 degrees С, where water droplets 
are large because of unstable air, such as in cumulus clouds and in areas of freezing rain or 
drizzle. Instead of freezing instantly upon contact with the aircraft’s surface, these large water 
droplets move along with the airflow, freeze gradually, and form a solid layer of ice. This layer 
of clear ice can cover a large portion of the wing surface and is difficult to break off. Clear icing 
is the most severe form of icing because it builds up fast, can freeze the flight controls, and 
disrupts airflow over the wings. 


Rime icing is rough, opaque, milky white in appearance and most likely to occur at temperatures 
of —10 to —20 °C. It is more dense and harder than frost, but lighter, softer, and less transparent 
than clear ice. Rime ice occurs in stable conditions, clouds where the water droplets are small 
and freeze instantaneously, such as stratiform clouds and the upper portions of cumulus clouds. 
It is brittle and fairly easy to break off. Rime ice does not normally spread over an aircraft 
surface, but protrudes forward into the air stream along the leading edges of airfoils. 


Mixed icing is a combination of clear ice and rime ice, occurring where both large and small 


water droplets are present, normally at temperatures of —8 to -15 degrees С. Because mixed 
icing is a combination of large and small water droplets, it takes on the appearance of both rime 
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and clear icing. It is lumpy, like rime ice, but also hard and dense, like clear ice. The most 
frequent type of icing encountered is usually a form of mixed icing. 


Frost is a thin layer of crystalline ice that forms on exposed surfaces. It normally occurs on 
clear, calm wind nights when the air temperature and dew point are below freezing. Frost also 
forms in flight when a cold aircraft descends from a zone of freezing temperatures into high 
relative humidity. The moist air is chilled suddenly to below freezing temperatures by contact 
with the cold surfaces of the aircraft, and deposition occurs. Frost, like other forms of icing, 
disrupts the smooth boundary layer flow over airfoils, and thus increases drag, causes a loss of 
lift, and increases stall speed. Though it is unlikely to add considerable weight to an aircraft, any 
amount of frost is hazardous and must be removed prior to takeoff. 


Aircrews should anticipate and plan for some type of icing on every flight conducted in below 
freezing temperatures and should be familiar with the icing generally associated with different 
atmospheric conditions, as discussed in the next section. 


Frontal Icing Conditions 


Cold fronts and squall lines generally have a narrow band of both weather and icing. The 
associated clouds will be cumuliform. The icing zone will be about 10,000 feet thick, 100 miles 
wide, and the icing will be predominantly clear, accumulating rapidly. 


Warm fronts and stationary fronts generally have a much wider band of weather and icing, 
reflecting the size of the warm frontal zone. The icing will be found mainly inside stratiform 
clouds, accumulating at a relatively low rate, due to the smaller size of the super-cooled water 
droplets. The vertical depth of the icing zone will generally be about 3000 to 4000 feet thick, 
possibly up to 10,000 feet. The type of icing will be predominantly rime, but may also contain 
mixed icing. 


The most critical icing (rain or drizzle) area is where water is falling from warm air above to a 
flight level temperature below freezing. In this case, severe clear ice would be encountered 
below the cloud layer and the evasive action is to climb to an altitude where the temperature is 
above freezing. 


Occluded fronts often produce icing covering a very widespread area, containing both stratiform 
and cumuliform type clouds. The depth of the icing zone will often be 20,000 feet, approximately 
double the depth of icing zones with other type fronts. The types of icing will be clear, mixed, 
and rime, with a very rapid and heavy rate of accumulation. 


506. EFFECTS AND HAZARDS OF STRUCTURAL ICING 


The most hazardous aspect of structural icing is its aerodynamic effects. The presence of ice on 
an aircraft decreases lift, thrust, and range, and increases drag, weight, fuel consumption, and 
stall speed. The added weight with reduced lift and thrust can be a dangerous combination 
(Figure 5-10). Ice can alter the shape of an airfoil, changing the angle of attack at which the 
aircraft stalls and therefore increasing the stall speed. Ice reduces lift and increases drag on an 
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airfoil. Ice thickness is not the only factor determining the effect of icing. Location, roughness, 
and shape are important, too. For example, a half-inch high ridge of ice on the upper surface of 
the airfoil at 4% chord reduces maximum lift by over 50%. Yet, the same ridge of ice at 50% 
chord decreases maximum lift by only 15%. On another airfoil, a distributed sandpaper-like 
roughness on the leading edge of the wing may decrease lift by 35%. Along with this decrease 
in lift, it is obvious parasite drag will significantly increase. The buildup of ice on various 
structural parts of the aircraft can result in vibration, causing added stress to those parts. This is 
especially true in the case of propellers and rotors, which are delicately balanced. Even a small 
amount of ice, if not distributed evenly, can cause great stress on the propeller and engine 
mounts. 


STALL SPEED 
INCREASES 


DRAG & FUEL 








Figure 5-10 Cumulative Effects of Icing 


Icing is not restricted to airfoils and other external structure. Engines, fuel, and instruments may 
also be affected by ice formation. 


Ice associated with freezing rain or drizzle can accumulate beyond the limits of an ice protection 
system. If you encounter any type of freezing rain or drizzle, the best course of action is to leave 
the area. 


Structural icing can block the pitot tube (Figure 5-11) and static ports. This can cause a pilot to 
either lose or receive erroneous indications from various instruments such as the airspeed 
indicator, VSI, and altimeter. For example, if the pitot tube becomes blocked with ice, the “total 
pressure” input to the system remains constant. Therefore, during a descent, as the “static 
pressure” input to the system increases, the airspeed indicator gives an erroneous indication of 
decreasing airspeed. The opposite would be true during a climb. 
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Figure 5-11 Pitot Tube Icing 


During flight, it can be difficult to detect ice on areas such as the empennage that may be 
impossible to see. Cues that signal the potential for icing include the following: 


1. Ice on windshield wiper arms or projections such as engine drain tubes, pitot tubes, engine 
inlet lips, or propeller spinners, 


2. decreasing airspeed with constant power and altitude, and 


3. ice detector annunciation. 


Icing on rotary wing aircraft is related to those involving wings and propellers. Ice formation on 
the helicopter main rotor system or antitorque rotor system may produce serious vibration, loss 
of efficiency or control, and can significantly deteriorate the available RPM to a level where safe 
landing cannot be assured. In fact, a 3/16-inch (4.8-mm) coating of ice is sufficient to prevent 
some helicopters from maintaining flight in a hover. 


507. OTHER TYPES OF AIRCRAFT ICING 


Induction icing — in flights through clouds containing super-cooled water droplets, air intake duct 
icing is similar to wing icing. However, the ducts may ice when skies are clear and temperatures 
are above freezing. The reduced pressure that exists at the intake lowers the temperature to the 
point that condensation and/or deposition take place, resulting in the formation of ice. The 
degree of temperature decrease varies considerably with different types of engines. However, if 
the free air temperature is 10°C or less (especially near the freezing point) and the relative 
humidity is high, the possibility of induction icing exists. Ingestion of ice shed ahead of the 
compressor inlet may cause severe foreign object damage to the engine. 


Compressor icing — ice forming on compressor inlet screens and compressor inlet guide vanes 
will restrict the flow of inlet air, eventually causing engine flameout. The reduction in airflow is 
noticeable through a loss of thrust and a rapid rise in exhaust gas temperature. As the airflow 
decreases, the fuel-air ratio increases, which in turn raises the temperature of the gases going to 
the turbine. The fuel control attempts to correct any loss in engine RPM by adding more fuel, 
which merely aggravates the condition. Ice build-up on inlet screens sufficient to cause turbine 
failure can occur in less than one minute under severe conditions. 
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Ground icing hazards — we have already stressed the importance of removing all icing and frost 
from an aircraft prior to takeoff. De-icing itself, however, can also be a hazard. De-icing fluids 
(discussed in the next section) are highly corrosive to internal aircraft and engine parts. Thus, it 
is imperative de-icing crews understand the particular requirements for your type of aircraft. 
Additionally, taxiing through mud, water or slush on ramps and runways can create a covering of 
ice that can hamper the movement of flaps, control surfaces, and the landing gear mechanism. 
Ice and snow on runways are conditions that affect braking action of aircraft. Braking action 
varies widely with aircraft type and weight. Therefore, pilots must be aware of the limits to their 
aircraft’s braking capabilities. 


508. MINIMIZING OR AVOIDING ICING HAZARDS 
Flight Path Options 


In coping with an icing hazard in flight, a pilot usually has two alternatives. First, the pilot can 
climb to the colder temperatures where the precipitation will be frozen and therefore not an icing 
hazard. Second, the pilot can descend to an altitude where the air temperatures are well above 
freezing (Figure 5-12). However, if encountering clear icing in the freezing precipitation below 
the clouds of a warm front, the aircraft is most likely in the cold air ahead of the warm front. In 
this case, the best alternative may be to climb to warmer temperatures, across the frontal 
boundary, as the freezing precipitation may extend all the way to ground level. 





Figure 5-12 Options to Escape Icing 


Anti-Icing and Deicing Equipment 


Deicing equipment eliminates or removes ice already accumulated on the aircraft. Anti-icing 
equipment prevents the accumulation of ice on specific aircraft surfaces. Most military aircraft 
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are equipped with anti-icing and/or deicing equipment. There are three common methods for 
preventing and/or eliminating ice buildup: mechanical, fluids, and heat. 

The mechanical method uses deicing boots, which are rubber bladders installed on the leading 
edges of lift producing surfaces. Compressed air cycles through these rubber boots causing them 
to alternately inflate and deflate, thus cracking accumulated ice and allowing the air stream to 
peel it away. 


Anti-icing fluids are freezing point depressants and are pumped through small holes in the 
wing’s leading edge. This fluid coats the wing, preventing ice from forming on the wing’s 
surface. Additionally, ground crews use deicing fluids to remove and prevent ice buildup before 
takeoff. 


Heat application capability to wings, props, tail surfaces, or engine intakes is installed in most 
aircraft. Systems of this nature can be designed for either anti-icing or deicing purposes. Critical 
areas can be heated electrically or by hot air bled from the engine’s compressor section. 


Recommended Precautions 
Keep these precautions in mind when flying in the vicinity of icing conditions: 


1 Do not fly into areas of known or forecast icing conditions. 

2. Avoid flying in clouds with temperatures from 0 to —20 degrees С. 

3. Do not fly through rain showers or wet snow with temperatures near freezing. 
4. 


Avoid low clouds above mountain ridges ог crests. Expect the heaviest icing in clouds 
around 5000 feet above the mountaintops. 


5. Ро not make steep turns with ice on the airplane due to increased stall speeds. 


6. Avoid high angles of attack when ice has formed on the aircraft since the aircraft is closer 
to stall speed in these maneuvers. 


7. Under icing conditions, increased drag and additional power required increases fuel 
consumption. 


8. Change altitude to temperatures above freezing or colder than -20 °С. An altitude change 
also may take you out of clouds. 


9. Іп freezing rain, climb to temperatures above freezing, since it will always be warmer at 
some higher altitude. Do not delay your climb; ice can accumulate quickly. If you are going to 
descend, you must know the temperature and terrain below. 


10. Do not fly parallel to a front while encountering icing conditions. 


11. Avoid icing conditions as much as possible in the terminal phase of flight due to reduced 
airspeeds. 


12. Expect to use more power on final approach when experiencing structural icing. 


13. Always remove ice or frost from airfoils before attempting takeoff. 
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Weather personnel cannot generally observe icing; they must rely on PIREPs. When flying 
during icing conditions, pilots should report these conditions as indicated in Figure 5-13. 
However, forecasters attempt to forecast the maximum intensity of icing that may be 
encountered during a flight, not necessarily the intensity of icing encountered by a particular 
aircraft. It becomes the pilot’s responsibility to make certain a complete weather briefing is 
obtained, to include the information for safe completion of the flight. 


Intensity 


Trace 


Light 


Severe 


Airframe Ice Accumulation 


Ice becomes perceptible. Rate of accumulation 
slightly greater than rate of sublimation. It is 
not hazardous even though deicing/anti-icing 
equipment is not used, unless encountered for 
an extended period of time--over one hour. 


The rate of accumulation may create a problem 
if flight is prolonged in this environment (over 
one hour). Occasional use of deicing/anti-icing 
equipment removes/prevents accumulation. It 
does not present a problem if the deicing/anti- 
icing equipment is used. 


The rate of accumulation is such that even short 
encounters become potentially hazardous and 
use of deicing/anti-icing equipment or 
diversion is necessary. 


The rate of accumulation is such that 
deicing/anti-icing equipment fails to reduce or 
control the hazard. Immediate diversion is 
necessary. 


Icing may be rime, clear, or mixed: 


Pilot Report 


Aircraft identification, 
location, time (GMT), 
altitude (MSL), type 
aircraft, sky cover, 
visibility & weather, 
temperature, wind, 
turbulence, icing, remarks. 


Example of PIREP 
transmission: 


"Pensacola METRO, 
Rocket 501, holding 20 
miles south of Navy 
Pensacola, at 2100Z and 
one-six thousand feet, 
single T-39 Sabreliner, 
we’re IFR in stratus 
clouds, temperature —15°C, 
winds 330 at 25, no 
turbulence, Light Rime 
Icing, flying 200 knots 
indicated. 


Rime ice — Rough milky opaque ice formed by the instantaneous freezing of small 


super-cooled water droplets. 


Clear ice — A glossy, clear or translucent ice formed by the relatively slow freezing of 


large super-cooled water droplets. 





Mixed ice — A combination of rime and clear ice. 
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509. VISIBILITY DEFINITIONS 


Visibility is important to all aviators since it plays an essential role in takeoffs, approaches, and 
landings. Visibility is defined as the ability to see and identify prominent unlighted objects by 
day and prominent lighted objects at night, and is expressed in statute miles, hundreds of feet, or 
meters. There are several particular methods of reporting visibility, some of which are defined 
below. 


Flight visibility is the average forward horizontal distance, measured in statute miles from the 
cockpit of an aircraft in flight, at which a pilot can see and identify prominent unlighted objects 
by day and prominent lighted objects at night. 


Prevailing visibility is the greatest horizontal visibility, measured in statute miles, equaled or 
exceeded throughout at least half the horizon circle, which need not be continuous. Figure 5-14 
illustrates how prevailing visibility is determined. The center of the circles depict the 
observation point and the edge of the circles represent a distance of three miles, the furthest that 
prominent objects may be seen and identified. In the left depiction, the maximum visibility 
common to half or more of the horizon circle is three miles, so the prevailing visibility is three 
miles. If a bank of fog were to roll in to the airfield, as in the right depiction, visibility toward the 
east would be reduced. However, the observer can still see three miles throughout at least 180° 
of view, so the prevailing visibility is still three miles. Look at the visibility for each of the 
runways, and notice how the actual visibility may vary significantly from the prevailing 
visibility. 





Figure 5-14 Prevailing Visibility Determination 


Slant Range Visibility is the distance on final approach when the runway environment is in sight. 
This is probably the most vital weather information needed during a final approach in 
questionable weather. Unfortunately, slant rage visibility is not often provided because of great 
difficulty in estimating or measuring it from the ground. Runway Visual Range (RVR) provides 
the best indication of the slant range visibility. However, other weather information such as 
precipitation and prevailing visibility help indicate slant range visibility. 
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RVR is the horizontal distance, expressed in hundreds of feet or meters, a pilot will see by 
looking down the runway from the approach end. For takeoff and landing under IFR, prevailing 
visibility is not as important as the visibility within the runway environment. 


Surface vs Flight Visibility 


RVR and prevailing visibility are horizontal visibilities near the Earth’s surface. They may be 
quite different from the vertical visibility when looking down at the ground from an aircraft in 
flight. For example, surface visibility may be seriously reduced by fog or blowing snow, yet only 
a slight reduction in visibility is apparent when viewed from above the field. In Figure 5-15, the 
airfield may be seen relatively clearly from above the fog. When descending to the level of the 
fog, however, the airfield may disappear from sight. In another situation, flying into the setting 
sun on a hazy day may reduce flight visibility to values less than the surface visibility. When 
given the surface visibility, learn to anticipate what your flight visibility is likely to be. It may 
vary, depending on other weather conditions present. 
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Figure 5-15 Surface vs Flight Visibility 
Obscuring Phenomena 
Obscuring phenomena are any collection of particles reducing horizontal visibility to less than 
six miles. They may be either surface based or aloft. Examples include fog, haze, smoke, 


volcanic ash, and blowing spray, to name a few. 


Haze produces a bluish color when viewed against the ground. Although haze may occur at any 
level in the troposphere, it is more common in the lower few thousand feet. Haze is associated 


Weather Hazards of Turbulence, Icing, Ceilings, Visibility, and Ash Clouds 5-21 


CHAPTER FIVE AVIATION WEATHER 


with a stable atmosphere. The top of a haze layer, which is usually confined by a low level 
inversion, has the appearance of a horizon when viewed from above the layer. In this case, the 
haze may completely obscure the ground in all directions except the vertical. Dense haze may 
reduce visibility to less than three miles, with slant range visibility generally less than surface 
visibility. Visibility in haze is lower when looking toward the Sun than away from it. 


Smoke causes the sunrise and sunset to appear very red. Smoke reduces visibility in a manner 
similar to haze. Smoke from forest fires is often concentrated in layers aloft with good visibility 
beneath. Smoke may be a major concern near industrial areas. Smoke from forest fires has been 
carried great distances at high altitudes. Aircrews flying at these altitudes may encounter dense 
smoke, although the lower altitudes are clear. 


Rain and drizzle are precipitation in liquid form that can reduce visibility. Precipitation also 
reduces visibility as it streams across a windshield or canopy. Drizzle is a feature of stable air 
with the likely presence of fog or smog. Therefore, drizzle may result in extremely poor 
visibility. Approaches and the ensuing transition to visual flight can be very hazardous since 
moderate to heavy rain conditions can seriously affect the recognition of visual cues. Night 
approaches in these conditions can be even more critical as you may be distracted by the 
aircraft’s flashing strobes or sequenced flashing runway lights. 


Snow affects visibility much more than rain or drizzle and can easily reduce visibility to less than 
one mile. It is often difficult to see snow falling ahead of you; you may enter the snow 
unexpectedly. 


Blowing snow is fine dry snow easily lifted by the wind up to 300 feet AGL, depending on wind 
strength and air stability. During or after a fresh snowfall with brisk winds, surface visibility 
may be reduced to less than 1/2 mile. Blowing snow is accompanied by many of the same 
hazards as rain, such as turbulence (creating difficulties in reading flight instruments) and 
obscured visual cues (a lack of visual cues for runway identification during the visual portion of 
the approach). The approach and runway lights will provide some identification of the runway 
environment; however, runway markings may be lost in the whiteness. Therefore, depth 
perception will be difficult, requiring more emphasis on instruments. 


Dust and sand form when strong winds combined with unstable air and loose dry soil can blow 
dust or sand into the air. Dust is finer than sand and strong winds may lift the dust to 
considerable heights. Sand will usually be limited in altitude to 50 or 100 feet. In severe 
conditions, visibility can be near zero. Blowing dust is common behind cold fronts moving 
rapidly across prairies in early spring before a cover of vegetation has appeared. This effect may 
cause blowing dust conditions and reduced visibilities over a wide area. 


510. SKY COVERAGE AND CEILINGS 
For determining the amount of sky covered by clouds, the celestial dome is divided into eighths. 
The terms contained in Figure 5-16 are used to report the percentage of sky coverage as well as 


any obstructions to visibility. These coverages apply to a given altitude; therefore, more than 
one is normally reported. For example, the sky may be reported as follows: SCT at 2000 feet, 
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BKN at 5000 feet, OVC at 10,000 feet, where the altitudes refer to the bases of the cloud layers 























in feet AGL. 
Reportable Meaning Amount of 
Contractions Sky Cover 
SKC or CLR! Sky Clear 0/8 
FEW? Few > 0/8 - 2/8 
SCT Scattered 3/8 - 4/8 
BKN Broken 5/8 - 7/8 
OVC Overcast 8/8 
VV Obscured? 8/8 (surface based) 











1. The abbreviation CLR is used at automated stations when no clouds at or below 
12,000 feet are reported; the abbreviation SKC is used at manual stations when no clouds 
are reported 

2. Any amount less than 1/8 is reported as FEW. 

3. The last 3 digits report the height of the vertical visibility into an indefinite ceiling. 











Figure 5-16 Sky Coverage Contractions 


A ceiling is the height AGL ascribed to the lowest broken or overcast layer or the vertical 
visibility into an obscuring phenomenon (total obscuration). 


Vertical visibility is the distance seen directly upward from the ground into a surface-based 
obscuring phenomenon. This term is used when the celestial dome is totally hidden from view 
(8/8ths) by some surface based obscuration, and the reported ceiling is determined by measuring 
the vertical visibility upward as seen from the ground. In this type of situation, the base of the 
obscuration is less well defined, but it may still be possible to see upwards into the moisture (or 
other obstruction) for a short distance. While this does constitute a ceiling, it is sometimes 
referred to as an “indefinite” ceiling, and the distance seen upward into the phenomenon is then 
given as the vertical visibility. For example, if the sky were totally hidden by fog which touched 
the ground, but a ground observer could see a weather balloon ascend upward into the fog for 
200 feet, he/she would report a vertical visibility of 200 feet. 


It is important to realize the vertical visibility of 200 feet in the foregoing example is very 
different from a cloud ceiling of 200 feet. With a low cloud ceiling, a pilot normally can expect 
to see the ground and the runway once the aircraft descends below the cloud base. However, in 
the case of vertical visibility, the obscuring phenomenon also reduces the slant range visibility. 
Therefore, a pilot will have difficulty seeing the runway or approach lights clearly even after 
descending below the level of the reported vertical visibility. 


If the weather observer on the ground is able to see part of the celestial dome or some clouds 
through an obscuring phenomenon (a partial obscuration) it is reported as few, scattered, or 
broken as appropriate, and assigned a height of 000 to indicate it is a surface based phenomenon. 
If clouds are present, their bases and amount or coverage are also reported. 
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Surface based obscuring phenomena classified as few, scattered, or broken also present a slant 
range visibility problem for pilots on approach for a landing but normally to a lesser degree than 
when the celestial dome is completely hidden. Thus, partial obscurations are not considered 
ceilings. 


511. FOG VS STRATUS 


Fog-related low ceilings and reduced visibility are among the most common and persistent 
weather hazards encountered in aviation. Since fog occurs at the surface, it is primarily a hazard 
during takeoff and landing. 


Fog is a visible aggregate of minute water droplets that is based at or within 50 feet of the 
surface, is greater than 20 feet in depth, and reduces the prevailing visibility to less than 5/8 of a 
statute mile. Fog reduces horizontal and vertical visibility and may extend over a large area. 


Fog extending no more than 200 feet in height is considered shallow fog and is normally 
reported as a partial obscuration. Since the fog may be patchy, it is possible visibility will vary 
considerably during the approach and rollout. RVR may not be representative of actual 
conditions in this situation if the measuring equipment is located in an area of good visibility. 


One of the most serious problems with shallow fog stems from the abundance of cues available 
at the start of the approach. You may see the approach lighting system and possibly even some 
of the runway during the early stages of the approach. However, as the fog level is entered, loss 
of visual cues may cause confusion or disorientation. In these conditions, you should not rely 
entirely on visual cues for guidance. Bring visual cues into your instrument cross-check to 
confirm position, but maintain instrument flight until visual cues can provide sufficient 
references for landing. 


Dense fog normally causes a total obscuration. You will not normally see visual cues during the 
early portion of an approach. Strobe lights and landing lights may cause a blinding effect at 
night. Transitioning to land in a total obscuration involves the integration of visual cues with the 
instrument cross-check during the latter portion of the approach. 


A layer of low clouds forming a ceiling is usually formed from stratus clouds. Stratus, like fog, 
is composed of extremely small water droplets or ice crystals suspended in the air. The main 
distinction between fog and stratus is that a stratus layer is not surface based. Stratus is above 
the ground (greater than 50 feet AGL) and does not reduce the horizontal visibility at the surface. 
An observer on a mountain enveloped in the layer would call it fog, while one farther down the 
slope would call it stratus. In fact, the requirements for formation of fog contain many of the 
same items listed in the requirements for cloud formation. 


512. FOG FORMATION 
The formation of fog or cloudiness of any type is dependent on the air becoming temporarily 


supersaturated (contains more moisture than the air can hold at that temperature). Once the air 
reaches a supersaturated state, the excess moisture in the air condenses out of solution into 
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minute water droplets light enough to remain suspended in the air. If the condensed water 
particles form in sufficient amounts near the surface, the resulting condition is fog. For fog to 
form, three conditions must be satisfied: 


1. | Condensation nuclei must be present in the air, 
2. the air must have a high water content (а low dew point spread), and 


3. light surface winds must be present. 


Recall from Chapter Two, when the air temperature is equal or nearly equal to the dew point 
temperature, there is a low dew point spread, and the air is close to saturation. Once saturation is 
achieved, either through the cooling of the air or through the evaporation of water into the 
atmosphere, water will condense from the vapor state into water droplets or ice crystal. 


Wind velocity is an important consideration in the formation of fog. As will be discussed 
shortly, the radiational cooling of the Earth’s surface is one of the main causes of fog formation. 
When light surface winds are present, on the order of one to ten knots, the speed differential 
resulting from friction slowing the air directly next to the surface causes the air to tumble in a 
mild eddy current (Figure 5-17). This brings more air in contact with the surface, enabling more 
air to be cooled, producing a thicker layer of condensed moisture. If the winds become too fast, 
however, this layer lifts away from the ground, lifting the bases higher with increasing speeds. 


TEMP. 66.9/ D.P. 66.8 
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Figure 5-17 Wind Causing Eddy Currents, Cooling Air to Saturation 
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513. TYPES OF FOG 
The two main types of fog are radiation and advection. 
Radiation Fog 


Radiation fog (Figure 5-18) occurs due to nocturnal cooling, usually on clear nights, when the 
Earth releases relatively large amounts of radiation into the atmosphere, cooling the surface. 
Cloudy nights, on the other hand, reflect most terrestrial radiation back to the Earth, reducing the 
amount of cooling through a “blanket” effect. Radiation cooling actually begins after the 
maximum daily temperature is reached, usually between 1530 and 1600 local time. Cooling 
continues until sunrise or shortly after sunrise and it affects only the lower limits of the 
atmosphere. If nocturnal cooling reduces the air temperature to the dew point temperature, fog 
or low ceiling clouds will develop in the area. Winds play an important factor in fog formation. 
Winds less than five knots usually results in shallow fog. Winds of five to ten knots will usually 
cause dense fog. Winds of greater than ten knots will usually dissipate the fog and cause low 
stratus or stratocumulus clouds to form. The other way radiation fog can dissipate is through 
solar heating. 


— 





Figure 5-18 Radiation Fog 


The rate at which the ground temperature can increase after sunrise affects the dissipation of fog 
and low clouds. Vertically thick fog or multiple cloud layers in the area will slow down the 
morning heating of the ground. Only the heating of the ground can increase the temperature of the 
air overlying the ground. Once the surface air temperature rises, the ability of the air to hold more 
water vapor increases and the fog particles tend to evaporate (Figure 5-19). 
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Figure 5-19 Dissipation of Radiation Fog 


Advection Fog 


Advection fog occurs when warm, moist air moves over a cold surface and the air is cooled to 
below its dew point. Common in coastal areas, it is often referred to as sea fog when observed to 
come from the sea. Fog of this type becomes thicker and denser as the wind speed increases, up to 
about 15 knots. Winds much stronger than this lift the fog into a layer of low stratus. However, in 
some oceanic areas, sea fog has been known to persist with winds as high as 40 knots. Advection 
fog can stay over the water for weeks, moving over the land late in the day and moving back over 
the water the next morning. 





Figure 5-20 Advection Fog 
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The west coast of the United States is quite vulnerable to sea fog (Figure 5-20). This frequently 
occurring fog forms offshore, largely as a result of very cold water from the ocean depths rising 
to the surface, cooling the moist air above it, and is carried inland by the wind. Advection fog 
over the southeastern United States and along the Gulf Coast results from moist tropical air 
moving over cold ground. It is, therefore, more frequent in winter than in summer. 


Advection fog dissipates only with a wind shift, blowing the fog away, usually back out over the 
sea. Incoming solar radiation will seldom cause the dissipation of advection fog because its 
thickness generally prevents enough radiation to warm the Earth sufficiently. The high specific 
heat of water and resulting stable temperature also prevents any solar heating from causing the 
dissipation of sea fog. Only a change in wind direction moving the air from a colder surface to a 
warmer surface, reversing the saturation process, can cause advection fog to dissipate. 


514. VOLCANIC ASH CLOUDS 


Volcanic eruptions are rare, but the severe effects ash clouds have on an aircraft make it 
important to understand the hazards in order to minimize or avoid them. 


Volcanic ash clouds create an extreme hazard to aircraft operating near (especially downwind) of 
active volcanoes. Aircraft flying through volcanic ash clouds have experienced a significant loss 
of engine thrust and/or multiple engine flameouts along with wing leading edges and windshields 
being sandblasted. 


Avoid flight into an area of known volcanic activity. Avoiding volcanic ash clouds is 
particularly difficult during hours of darkness or in daytime instrument meteorological 
conditions when the flight crew may not detect the volcanic ash cloud. Volcanic ash clouds are 
not displayed on airborne or Air Traffic Control (ATC) radar, as the radar reflectivity of volcanic 
ash is roughly a million times less than that of a cumuliform cloud. 


A volcanic ash cloud is not necessarily visible, either. Aircrews have reported smelling an acrid 
odor similar to electrical smoke and smoke or dust appearing in the aircraft, but not seeing the 
ash cloud. Expect minor eye irritation if odors become noticeable (1.e., eyes watering). Remove 
contact lenses if this occurs. Consider using oxygen when odors or eye irritation occurs. 


If volcanic activity is reported, the planned flight should remain at least 20 NM from the area 
and, if possible, stay on the upwind side of the volcano even when flying outside of the 20 NM 
limitation. Volcanic ash clouds may extend downwind for several hundred miles and thousands 
of feet in altitude. Volcanic ash can cause rapid erosion and damage to the internal components 
of engines with loss of thrust within 50 seconds. 


Since airborne radar cannot detect volcanic ash clouds, weather forecasts are occasionally wrong, 
and other clouds may hide ash clouds, inadvertent flight through an ash cloud may occur. It may 
be difficult to determine if you are in an ash cloud when flying through other clouds or at night. 
The following conditions may indicate you have inadvertently flown into an ash cloud: 
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1. Airspeed indications may fluctuate greatly or appear unusually high or low due to volcanic 
dust blocking the pitot-static system. Establish the proper pitch and power settings required by 
the Dash One or the NATOPS Flight Manual for flying with an unreliable airspeed indicator. 


2. An acrid odor similar to electrical smoke may be present. 
3. Arise in oil temperature could indicate dust-plugged oil cooler(s). 
4. Torching (flames) from the engine tailpipe(s) may occur. 


5. Volcanic ash/dust may be blown into the cockpit through the aircraft air conditioning 
system. 


6. Windshields become severely pitted that results in translucence. In addition, the abrasive 
cloud particles will sandblast the aircraft’s leading edges. 


7. 81. Elmo’s fire and static discharges around the windshield are often visible at night. A 
bright orange glow in engine inlets frequently occurs. 


8. At night or in dark clouds, landing lights cast dark distinct shadows in ash clouds (unlike 
the fuzzy, indistinct shadows cast against moisture clouds). 


9. Multiple engine malfunctions such as power surges, loss of thrust, high EGT, or 
compressor stalls. These result from ash buildup and blockage of the high-pressure turbine guide 
vanes and high-pressure turbine cooling ports. 


10. More than one or all engines may flameout, since all engines are exposed to the same ash 
cloud. 


If you encounter volcanic ash in flight, the best procedure is to perform a 180° turn immediately 
and leave the area. Additionally, consider a reduction in altitude, as hot ash has most likely 
ascended in convective currents before forming the cloud. Reduce thrust to the minimum 
practical and monitor your engine instruments for indications of a possible flameout. If engines 
flameout, continue attempting restart procedures, as exiting the ash cloud may improve the 
probability of light off. Declare an in-flight emergency as soon as practicable, and land at the 
nearest suitable airfield. Transmit PIREPs to military weather stations to report the location of 
the volcanic ash cloud (to warn other aircrews). As soon as safely possible, record the altitude, 
location, duration of exposure, and any related malfunctions observed, since special aircraft 
cleanup procedures are required after flight through volcanic ash. 
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STUDY QUESTIONS 


Weather Hazards of Turbulence, Icing, Ceilings, Visibility, and Ash Clouds 


1. | Which one of the following is not one of the classifications used to describe turbulence? 


a. Trace 

b. Light 

c. Moderate 
d. Extreme 


2. Which one of the following may cause mechanical turbulence when air is flowing over it? 


a. Irregular terrain 
b. Buildings 

c. Mountains 

4. All of the above 


3. | Which one of the following is not one of the cloud formations associated with mountain 
wave turbulence? 


a. Lenticular cloud 
b. Roll cloud 

c. Rotor cloud 

d. Cap cloud 


4. Frontal turbulence would be the most severe when associated with a 





fast-moving warm front 
fast-moving cold front 
slow-moving warm front 
slow-moving cold front 


ao Tf 


5. | Which one of the following is not one of the recommended procedures for flying through 
turbulence? 


Establish and maintain thrust settings consistent with cruise airspeeds. 
Control attitude by referencing the attitude gyro indicator. 

To avoid overstressing the aircraft, do not make abrupt control inputs. 
Allow airspeed and altitude to vary; do not chase the altimeter. 


ao Tf 
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6. | Which precipitation best characterizes super cooled water? 


Hail 

Wet snow 
Heavy showers 
Freezing drizzle 


ao Tf 


7. In addition to freezing temperatures, what other conditions are necessary for the formation 
of ice on aircraft? 


Invisible moisture, and rain 

Visible moisture, and aircraft skin temperature below freezing 

Humidity above 75 percent, and aircraft skin temperature below freezing 
Strong head winds and clear skies 


ao op 


8. An aviation hazard associated with structural icing is that it results in 





a reduction of lift by changing the airfoil characteristics 
a decrease in airspeed 

a decrease in drag 

both a and с are correct 


ро сор 


9. Clear icing will generally be encountered between a temperature range of 





—2 °C and —10 °C 
0 °C and -10 °C 
0 °C and —20 °C 
+2 °C and -20 °C 


ео ср 


In questions 10 through 13, match the types of structural ice in column В with the correct 
descriptions in column A. 


A B 
10. Formed from small super-cooled water 
droplets in stratiform clouds of stable air 
11. Consists of ice crystals formed by Соны 
deposition: b. Rime icing 
12. Formed by large individual water й Mixed icin 
droplets freezing as they strike the aircraft ј Шам 
surface 

d. Frost 


13. Considered to be the most frequently 
encountered type of icing 


Weather Hazards of Turbulence, Icing, Ceilings, Visibility, and Ash Clouds 5-31 


CHAPTER FIVE AVIATION WEATHER 


14. What happens to stall speed when ice forms on the wings of an aircraft? 


It will increase. 

It will decrease. 

It will remain the same. 
All of the above. 


pao op 


15. Engine failure due to icing conditions encountered by a jet aircraft is generally the result 
of 





carburetor icing 

a rapid drop in exhaust gas temperature 
a decrease in the fuel-air ratio 
induction icing 


ро ср 


16. Ice in the pitot tube or static ports could affect instruments, depending on the type of 
aircraft and its system hookup. 


a. True 
b. False 


17. Which one of the following would be correct if an aircraft attempted to takeoff without 
removing frost formed during the night? 


Increase in the stall speed 

Lift and drag/ratios will be affected 
Extensive weight increase 

All of the above are correct 

Only a and b are correct 


опо ср 


18. Which one of the following types of clouds would you most likely Пу through if 
encountering clear icing? 


a. Nimbostratus 

b. Cumulus 

c. Cirrocumulus 

d. Both b and c are correct 


19. Which one of the following states a correct evasive tactic used when wet snow or freezing 
rain is encountered? 


Climb or descend to colder air in either case. 

Climb or descend to warmer air in either case. 

Climb to colder air with wet snow and climb to warmer air with freezing rain. 
Climb to warmer air with wet snow and climb to colder air with freezing rain. 
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20. Which one of the following is not a of the classification used to describe icing? 


a. Light 

b. Moderate 
c. Severe 

d. Extreme 


21. Which one of the following conditions would most likely result in frost on an aircraft? 


Cloudy nights, 5 knots of wind, dew point 28° F 
Clear nights, no wind, dew point of 28° F 

Clear nights, 5 knots of wind, dew point of 32° F 
Cloudy nights, no wind, dew point of 37° F 
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22. Which one of the following describes a basic type of fog classification? 


a. Air mass 

b. Advection 

c. Adiabatic 

d. All of the above are correct 


23. Which one of the following will result in the saturation of an air mass? 


Rising dew point 
Lowering humidity 
Lowering dew point 
Rising temperature 


ро ср 


24. А layer of condensed water vapor is considered to be fog if its base is at or below 20 feet 
above terrain elevation and greater than 50 feet in thickness. 


a. True 
b. False 


25. Radiation fog could be expected in areas characterized by 





low wind speed, and clear skies 
low wind speed, and cloudy skies 
high wind speed, and cloudy skies 
high wind speed, and clear skies 
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26. What phenomenon would your aircraft be flying through if experiencing a rise in oil 
temperatures, acrid odor (possibly from an electrical fire), airspeed fluctuations, pitted 
windscreens, and a bright orange glow around the engine inlets? 


Advection fog 

Microburst 

Volcanic ash cloud 
Mountain wave turbulence 
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ACTUAL TIME OF OBSERVATION - For METAR reports, it is the time the last element of 
the report is observed or evaluated. For SPECI reports, it is the time the criteria for a SPECI 
were met or noted. 


ADIABATIC — The word applied in the science of thermodynamics to a process during which 
no heat is communicated to or withdrawn from the body or system concerned. Adiabatic 
changes of atmospheric temperatures are those that occur only in consequence of compression or 
expansion accompanying an increase or a decrease of atmospheric pressure. 


AIRCRAFT MISHAP - An inclusive term to denote the occurrence of an aircraft accident or 
incident. 


ALTIMETER SETTING - Pressure of the reporting station converted in order to produce a 
reading on altimeters of field elevation at ten feet above the runway (normal installation height 
of the altimeter). Altimeter settings are given in inches of mercury and represent sea level 
pressure. 


ATMOSPHERIC PRESSURE - The force exerted by the weight of the atmosphere from the 
level of measurement to its outer limits. 


AUGMENTED REPORT - A meteorological report prepared by an automated surface weather 
observing system for transmission with certified weather observers signed on to the system to 
add information to the report. 


AUTOMATED REPORT - A meteorological report prepared by an automated surface weather 
observing system for transmission, and with no certified weather observers signed on to the 
system. 


BLOWING DUST – Dust raised by the wind to moderate heights above the ground and 
restricting horizontal visibility to less than seven miles. If visibility is reduced to between 5/8 
and 5/16 then it is a duststorm; if less than 5/16, it is a severe duststorm. 


BLOWING SAND — Sand raised by the wind to moderate heights above the ground апа 
restricting horizontal visibility to less than seven miles. If visibility is reduced to between 5/8 
and 5/16 then its a sandstorm; if less than 5/16, its a severe sandstorm. 


BLOWING SNOW – Snow particles raised and stirred violently by the wind to moderate or 
great heights. Visibility is poor (six miles or less) and the sky may become obscured when the 


particles are raised to great heights. 


BLOWING SPRAY — Spray raised in such quantities as to reduce the visibility at eye level (six 
feet on shore, 33 feet at sea) to six miles or less. 
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BROKEN LAYER - A cloud layer covering whose summation amount of sky cover is 5/8 
through 7/8. 


CALM - A condition when no motion of the air is detected. 


CEILING -- The height above the Earth's surface (field elevation or ground elevation) of the 
lowest non-surface based layer that is reported as broken or overcast, or the vertical visibility 
into an indefinite ceiling. 


CEILOMETER - A device used to evaluate the height of clouds or the vertical visibility into a 
surface-based obscuration. 


CELSIUS – The ninth General Conference of Weights and Measures, held in October 1948, 
adopted the name Celsius in place of centigrade in honor of its originator, Anders Celsius (1704- 
1744), a Swedish astronomer who devised the scale. 


CLEAR-AIR TURBULENCE (CAT) - Turbulence encountered when flying through air devoid 
of clouds, produced primarily by thermals and wind shear, including proximity to the jet stream. 


CLEAR SKY (SKC) – The state of the sky when it is cloudless. 


CLOUD-AIR LIGHTNING (CA) - Streaks of lightning which pass from a cloud to the air, but 
do not strike the ground. 


CLOUD-CLOUD LIGHTNING (СС) - Streaks of lightning reaching from one cloud to another. 
CLOUD-GROUND LIGHTNING (CG) - Lightning occurring between cloud and ground. 


CLOUD HEIGHT — The height of the base of a cloud or cloud layer above the surface of the 
Earth. 


CONTOUR LINE - A line connecting points of equal (constant) height on a Constant-Pressure 
Chart. 


COORDINATED UNIVERSAL TIME (UTC) – The time in the zero meridian time zone. 


CUMULUS — A principal cloud type in the form of individual, detached elements that are 
generally dense and possess sharp non-fibrous outlines. 


CUMULONIMBUS - An exceptionally dense and vertically developed cloud, occurring either 
isolated or as a line or wall of clouds with separated upper portions. These clouds appear as 
mountains or huge towers, at least a part of the upper portions of which are usually smooth, 
fibrous, or striated, and almost flattened. 


DESIGNATED RVR RUNWAY - A runway at civilian airports designated by the FAA for 
reporting RVR in long-line transmissions. 
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DEW POINT — The temperature to which a given parcel of air must be cooled at constant 
pressure and constant water-vapor content in order for saturation to occur. 


DISPATCH VISUAL RANGE - A visual range value derived from an automated visibility 
sensor. 


DRIZZLE — Fairly uniform precipitation composed exclusively of fine drops (diameter less than 
0.02 inch or 0.5 mm) very close together. Drizzle appears to float while following air current, 
although unlike fog droplets, it falls to the ground. 


DRY ADIABATIC LAPSE RATE — The rate of decrease of temperature with height, 
approximately equal to 3°C per 1000 feet. This is close to the rate at which an ascending body of 
unsaturated air will cool by adiabatic expansion. 


DUSTSTORM - An unusual weather condition, frequently severe, characterized by strong winds 
and dust-filled air over an extensive area. 


FEW — A layer whose summation amount of sky cover is 1/8 through 2/8. 


FIELD ELEVATION – The elevation above sea level of the highest point on any of the runways 
of the airport. 


FOG — A visible aggregate of minute water particles (droplets) which are based at the Earth's 
surface and reduce horizontal visibility to less than 5/8 statute mile and, unlike drizzle, it does 
not fall to the ground. 


FREEZING - A descriptor, FZ, used to describe drizzle and/or rain that freezes on contact with 
the ground or exposed objects, and used also to describe fog that is composed of minute ice 
crystals. 


FREEZING DRIZZLE - Drizzle that freezes upon impact with the ground, or other exposed 
objects. 


FREEZING FOG — A suspension of numerous minute ice crystals in the air or water droplets at 
temperatures below 0°Celsius based at the Earth's surface, which reduces horizontal visibility. It 
is also called ice fog. 


FREEZING PRECIPITATION - Any form of precipitation freezing on impact and forming a 
glaze on the ground or exposed objects. 


FREEZING RAIN – Rain freezing on impact and forming a glaze on the ground or exposed 
objects. 


FROZEN PRECIPITATION ~ Any form of precipitation that reaches the ground in solid form 
(snow, small hail and/or snow pellets, snow grains, hail, ice pellets, and ice crystals). 
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FUNNEL CLOUD - A violent, rotating column of air, which does not touch the ground and 
usually appended to a cumulonimbus cloud (see tornado and waterspout). 


GLAZE — Ice formed by freezing precipitation covering the ground or exposed objects. 
GRAUPEL - Granular snow pellets, also called soft hail. 


GUST - Rapid fluctuations in wind speed with a variation of ten knots or more between peaks 
and lulls. 


HAIL - Precipitation in the form of small balls or other pieces of ice falling separately or frozen 
together in irregular lumps. 


HAZE — A suspension in the air of extremely small, dry particles invisible to the naked eye and 
sufficiently numerous to give the air an opalescent appearance. 


HECTOPASCAL - A unit of measure of atmospheric pressure equal to 100 newtons per square 
meter, abbreviated hPa. 


ICE CRYSTALS (DIAMOND DUST) – A fall of unbranched (snow crystals) are branched ice 
crystals in the form of needles, columns, or plates. 


ICE PELLETS (PL) — Precipitation of transparent or translucent pellets of ice, which are round 
or irregular, rarely conical, and which have a diameter of 0.2 inch (5 mm), or less. There are two 
main types: 


1. Hard grains of ice consisting of frozen raindrops, or largely melted and refrozen 
snowflakes. 


2. Pellets of snow encased in a thin layer of ice which have formed from the freezing of either 
droplets intercepted by the pellets or of water resulting from the partial melting of the pellets. 


IN-CLOUD LIGHTNING (IC) — Lightning which takes place within the thunder-cloud. 


INDEFINITE CEILING - The ceiling classification applied when the reported ceiling value 
represents the vertical visibility upward into surface-based obscuration. 


INSOLATION — INcoming SOLar radiATION. The total amount of Sun radiated energy 
reaching the Earth’s surface. Insolation is the primary source for all weather phenomena on the 
Earth. 


INTENSITY QUALIFIER - Intensity qualifiers are used to describe whether a phenomena is 
light С-), moderate (no symbol used), or heavy (+). 


ISOBAR — A line on a chart or diagram drawn through places or points having the same 
barometric pressure. (Isobars are customarily drawn on weather charts to show the horizontal 
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distribution of atmospheric pressure reduced to sea level or the pressure at some specified 
altitude.) 


ISOTACH — A line joining points of equal wind speed. 


ISOTHERM -A line on а chart or diagram drawn through places ог points having equal 
temperature. 


LOW DRIFTING — A descriptor, DR, used to describe snow, sand, ог dust raised to a height of 
less than six feet above the ground. 


LOW DRIFTING DUST - Dust raised by the wind to less than six feet above the ground; 
visibility is not reduced below seven statute miles at eye level, although objects below this level 
may be veiled or hidden by the particles moving nearly horizontal to the ground. 


LOW DRIFTING SAND - Sand raised by the wind to less than six feet above the ground; 
visibility is not reduced below seven statute miles at eye level, although objects below this level 
may be veiled or hidden by the particles moving nearly horizontal to the ground. 


LOW DRIFTING SNOW - Snow raised by the wind to less than six feet above the ground; 
visibility is not reduced below seven statute miles at eye level, although objects below this level 
may be veiled or hidden by the particles moving nearly horizontal to the ground. 


MANUAL STATION - A station, with or without an automated surface weather observing 
system, where the certified observers are totally responsible for all transmitted meteorological 
reports. 


МЕТАК/ЅРЕСІ - An evaluation of select weather elements from a point or points on or near the 
ground according to a set of procedures. It may include type of report, station identifier, date and 
time of report, a report modifier, wind, visibility, runway visual range, weather and obstructions 
to vision, sky condition, temperature and dew point, altimeter setting, and remarks. 


MILLIBAR - (Bar — a unit of pressure equal to 1,000,000 dynes per square centimeter.) A 
millibar is equal to 1/1,000 of a bar. 


MIST — A hydrometer consisting of an aggregate of microscopic and more-or-less hygroscopic 
water droplets or ice crystals suspended in the atmosphere that reduces visibility to less than six 
statute miles but greater than or equal to 5/8 statute mile. 


MOIST ADIABATIC LAPSE RATE - See Saturated Adiabatic Lapse Rate. 


NON-UNIFORM SKY CONDITION - A localized sky condition varying from that reported in 
the body of the report. 


NON-UNIFORM VISIBILITY ~ A localized visibility varying from that reported in the body of 
the report. 
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OBSCURED SKY — The condition when the entire sky is hidden by a surface-based obscuration. 


OBSCURATION - Any aggregate of particles in contact with the Earth's surface that is dense 
enough to be detected from the surface of the Earth. Also, any phenomenon in the atmosphere, 
other than precipitation reducing the horizontal visibility. 


OVERCAST - A layer of clouds whose summation amount of sky cover 15 8/8. 
PARTIAL — A descriptor, PR, used only to report fog that covers part of the airport. 


PARTIAL FOG - Fog covering part of the station and which extends to at least six feet above 
the ground and apparent visibility in the fog is less than 5/8 SM. Visibility over parts of the 
station is less than or equal to 5/8 SM. 


PARTIAL OBSCURATION - The portion of the sky cover (including higher clouds, the moon, 
or stars) hidden by weather phenomena in contact with the surface. 


PATCHES - A descriptor, BC, used only to report fog that occurs in patches at the airport. 


PATCHES (OF) FOG - Fog covering part of the station which extends to at least six feet above 
the ground and the apparent visibility in the fog patch or bank is less than 5/8 SM. Visibility in 
parts of the observing area is greater than or equal to 5/8 SM, when the fog is close to the point 

of observation, the minimum visibility reported will be less than 5/8 SM. 


PEAK WIND SPEED - The maximum instantaneous wind speed since the last METAR that 
exceeded 25 knots. 


PRECIPITATION DISCRIMINATOR - A sensor, or array of sensors, that differentiates 
between different types of precipitation (liquid, freezing, frozen). 


PRESSURE FALLING RAPIDLY — A decrease in station pressure at a rate of 0.06 inch of 
mercury or more per hour which totals 0.02 inch or more. 


PRESSURE RISING RAPIDLY - An increase in station pressure at a rate of 0.06 inch of 
mercury or more per hour which totals 0.02 inch or more. 


RADIOSONDE — A balloon-borne instrument used to measure the temperature, pressure and 
humidity aloft. 


RAIN - Precipitation of liquid water particles, either in the form of drops larger than .02 inch 
(0.5 mm) or smaller drops which, in contrast to drizzle, are widely separated. 


PREVAILING VISIBILITY — The visibility considered representative of conditions at the 


station; the greatest distance seen throughout at least half the horizon circle, not necessarily 
continuous. 
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ROTOR CLOUD - A turbulent cloud formation found in the lee of some large mountain 
barriers. The air in the cloud rotates around an axis parallel to the mountain range. 


RUNWAY VISUAL RANGE - An instrument-derived value, based on standard calibrations, 
representing the horizontal distance a pilot may see down the runway from the approach end. 


SANDSTORM ~ Particles of sand ranging in diameter from 0.008 to 1 mm carried aloft by a 
strong wind. The sand particles are mostly confined to the lowest ten feet, and rarely rise more 
than 50 feet above the ground. 


SATURATED ADIABATIC LAPSE RATE - A rate of decrease of temperature with height 
equal to the rate at which an ascending body of saturated air will cool during adiabatic 
expansion. This value will vary, but is considered to average about 1.5°C. per 1000 feet. 


SCATTERED - A layer whose summation amount of sky cover is 3/8 through 4/8. 


SCHEDULED TIME OF REPORT - The time a scheduled report is required to be available for 
transmission. 


SEA-LEVEL PRESSURE — The pressure value obtained by the theoretical reduction or increase 
of barometric pressure to sea-level; measured in hectopascals (millibars). 


SECTOR VISIBILITY — The visibility in a specified direction that represents at least a 45° arc of 
the horizon circle. 


SHALLOW — A descriptor, MI, used only to describe fog when the visibility at six feet above 
the ground is 5/8 statute mile or more and the apparent visibility in the fog layer is less than 5/8 
statute mile. 


SHALLOW FOG - Fog in which the visibility at six feet above ground level is 5/8 statute mile 
or more and the apparent visibility in the fog layer is less than 5/8 statute mile. 


SHOWER(S) - A descriptor, SH, used to qualify precipitation characterized by the suddenness 
with which they start and stop, by the rapid changes of intensity, and usually by rapid changes in 
the appearance of the sky. 


SIGNIFICANT CLOUDS - Cumulonimbus, cumulonimbus mammatus, towering cumulus, 
altocumulus castellanus, and standing lenticular or rotor clouds. 


SKY CONDITION – The state of the sky in terms of such parameters as sky cover, layers and 
associated heights, ceiling, and cloud types. 


SKY COVER — The amount of the sky covered by clouds or partial obscurations in contact with 
the surface. 
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SMOKE ~ A suspension in the air of small particles produced by combustion. A transition to 
haze may occur when smoke particles have traveled great distances (25 to 100 statute miles or 
more) and when the larger particles have settled out and the remaining particles have become 

widely scattered through the atmosphere. 


SNOW — Precipitation of snow crystals, mostly branched in the form of six-pointed starts; for 
automated stations, any form of frozen precipitation other than hail. 


SNOW GRAINS - Precipitation of very small, white opaque grains of ice; the solid equivalent 
of drizzle. 


SNOW PELLETS - Precipitation of white, opaque grains of ice. The grains are round ог 
sometimes conical. Diameters range from about 0.08 to 0.2 inch (2 to 5 mm). 


SPRAY — An ensemble of water droplets torn by the wind from an extensive body of water, 
generally from the crests of waves, and carried up into the air in such quantities that it reduces 
the horizontal visibility. 


SPECI — A surface weather report taken to record a change in weather conditions meeting 
specified criteria or is otherwise considered to be significant. 


SQUALL - A strong wind characterized by a sudden onset in which wind speeds increase to at 
least 16 knots and are sustained at 22 knots or more for at least one minute. 


STANDARD ATMOSPHERE - A hypothetical vertical distribution of the atmospheric 
temperature, pressure, and density, which by international agreement is considered to be 
representative of the atmosphere for pressure-altimeter calibrations and other purposes 
(29.92 in-Hg or 1013 Pa). 


STANDING LENTICULAR CLOUD - A more or less isolated cloud with sharp outlines 
generally in the form of a smooth lens or almond. These clouds often form on the lee side of and 
generally parallel to mountain ranges. Depending on their height above the surface, they may be 
reported as stratocumulus standing lenticular cloud (SCSL), altocumulus standing lenticular 
(ACSL), or cirrocumulus standing lenticular cloud (CCSL). 


STATION ELEVATION - The officially designated height above sea level to which station 
pressure pertains. It is generally the same as field elevation at an airport station. 


STATION IDENTIFIER - A four-alphabetic-character code group used to identify the observing 
location. 


STATION PRESSURE - Atmospheric pressure computed for the level of the station elevation. 


SUMMATION LAYER AMOUNT - A categorization of the amount of sky cover at and below 
each reported layer of cloud. 
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SUMMATION PRINCIPLE - This principle states the sky cover at any level is equal to the 
summation of the sky cover of the lowest layer, plus the additional sky cover present at all 
successively higher layers up to and including the layer being considered. 


SURFACE VISIBILITY — The prevailing visibility determined from the usual point of 
observation. 


SYNOPTIC CHART - A chart, such as the ordinary weather map, which shows the distribution 
of meteorological conditions over an area at a given moment. 


THUNDERSTORM - A descriptor, TS, used to qualify precipitation produced by a 
cumulonimbus cloud accompanied by lightning and thunder, or for automated systems, a storm 
detected by lightning detection systems. 


TIME OF OCCURRENCE - A report of the time weather begins and ends. 


TORNADIC ACTIVITY – The occurrence or disappearance of tornadoes, funnel clouds, or 
waterspouts. 


TORNADO - A violent, rotating column of air touching the ground or funnel cloud touching the 
ground (see funnel cloud and water spout). 


TOWER VISIBILITY — The prevailing visibility determined from the airport traffic control 
tower when the surface visibility is determined from another location. 


TOWERING CUMULUS - A descriptive term for a cloud with generally sharp outlines and 
with moderate to great vertical development, characterized by its cauliflower or tower 
appearance. 


UNKNOWN PRECIPITATION - Precipitation type reported if the automated station detects the 
occurrence of light precipitation but the precipitation discriminator cannot recognize the type. 


VARIABLE CEILING - A ceiling of less than 3000 feet, which rapidly increases or decreases in 
height by established criteria during the period of observation. 


VARIABLE LAYER AMOUNTS - A condition when the reportable amount of a layer varies by 
one or more reportable values during the period it is being evaluated (variable sky condition). 


VARIABLE PREVAILING VISIBILITY - A condition when the prevailing visibility is less 
than three statute miles and rapidly increases and decreases by 1/2 mile or more during the 
period of observation. 


VARIABLE WIND DIRECTION — A condition when: 


1. The wind direction fluctuates by 60° or more during the two minute evaluation period and 
wind speed is greater than six knots; or 
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2. The direction is variable and wind speed is six knots or less. 


VERTICAL VISIBILITY — A subjective or instrumental evaluation of the vertical distance into 
a surface-based obscuration that an observer would be able to see. 


VICINITY — A proximity qualifier, VC, used to indicate weather phenomena observed between 
five and ten statute miles of the usual point of observation but not at the station. 


VIRGA - Visible wisps or strands of precipitation falling from clouds and evaporating before 
reaching the surface. 


VISIBILITY — The greatest horizontal distance at which selected objects сап be seen and 
identified or its equivalent derived from instrumental measurements. 


VOLCANIC ASH - Fine particles of rock powder that originate blown out from a volcano and 
that may remain suspended in the atmosphere for long periods. The ash is a potential hazard to 
aircraft operations and may be an obscuration. 


VOLCANIC ERUPTION - An explosion caused by the intense heating of subterranean rock 
which expels lava, steam, ashes, etc., through vents in the Earth's crust. 


WATERSPOUT — A violent, rotating column of air forming over a body of water, and touching 
the water surface; tornado or funnel cloud touching a body of water (see funnel cloud and 
tornado). 


WELL-DEVELOPED DUST/SAND WHIRL - An ensemble of particles of dust or sand, 
sometimes accompanied by small litter, raised from the ground in the form of a whirling column 
of varying height with a small diameter and an approximately vertical axis. 


WIDESPREAD DUST - Fine particles of Earth or other matter raised or suspended in the air by 
the wind that may have occurred at or far away from the station. 


WIND SHIFT — A change in the wind direction of 45° or more in less than 15 minutes with 
sustained wind speeds of ten knots or more throughout the wind shift. 
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ЕНІ дарасы аа ына ИНИ АЈ ОЕК УЛ ООУ front- ЛАМАТБЕҮОӨ а қары ыда intensifying 
FNT аа aa AA A ЕЬ fröntal МБВ Үн анн наан instability 
BRO. cia een ee freguent. АО ОРИНОКО ТИИТ in vicinity of 
ВОО АСА е Rar ои. АА frequently | ТЕ ТОПЛОТО... isolated 
ERM G ДЫ абы ии АС и ен for 
ЕКОРА дн ЫД frontal passage J 
ERTHR ыарыы ы наат fürther >| JISTR сынынан інілі М ЕУ jet stream 
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AVIATION WEATHER APPENDIX B 
K 
KFU ырымы дылары ын Шанин інін smoke | МӨ шалыны иннин лейді Mississippi 
KALE Ын Мин АА АНА smoke aloft | MSL мозок Аа mean sea level 
КОСТУ ымны алды КОКО OVER City MST н ПС most 
КОЖЕК КЕ Л ЛК УЛОО Kansas INS EY аа ы Шыны ора mostly 
| UDINE аа Rene cory an rene ыты Tere КОРМУ цес ыы ындыны кебиња moisture 
КІЗ; ыды slivers Siang аа КОЛОК: knots | MTh neri шыннын нин mountains/Montana 
МТМ/МТМ5.................... mountain/mountains 
L MULTILY RD Аман нде multi layered 
ІСІН Oa estat ooh ынты омар аа ы tas local | МУЕК ............... Marginal Visual Flight Rules 
ГАО АТ. ООЛУ ООО КОО locally | MXD осовината ннн ан mixed 
EE eee ОКК КОКЕ Lake Erie 
БЕРЕРМІН light N 
Шобан ылдан алын ын TSC ATITE -hN ыс атаны ыты ақы Да north 
LEW S ТТТ ТСК low level wind shear УЛЭ адын дыра ПА КИ North Dakota 
ЙК ыры атын а аніннебуікіесіудін line || INE И КЕЕ КОКО Nebraska or northeast 
ЕЗ ӘЛИГЕ eee ee re location identifier | МЕ... negative 
ЕО ОЕМ low: МЕ нане northeastward 
ШОЛ АНА ta алыл айт АНИ latge ОҚЫ, арылы а олы ады нано New Jersey 
КЄ ОККО tet andes lightning | NMRS streets ранны аны numerous 
LGC Кодови lightning cloud to ат | ММЕМО north-northeastward 
ІТОССОС аы, lightning cloud to cloud | NR аиа ааа ЕА пеаг 
апа cloud to ground 
ЕТСІС Cer lightning cloud to ground „ЕМ еа ан northern 
GIG vse nial iistesbaascesiavtes lightning in cloud | МҰ» анааан накыл тыда northwest 
ІШ ee ee ee re little h NW Bee н ere У northward 
LCG vane ннан Анан little change | NWLY ае рана иланды northwesterly 
ЮЛ ЕКУЛУ УУЛОО ЛЕЛЕ 1еуе] 
ИРОНИИ КЕИ ТИЕ lower O 
БАКСЫ ЖОООК ОЕП lowering |ОВВСО нона obscured 
LY RILYRD Ы layer/laye | OBSCG унн лавови obscuring 
OBSCN быға данда бо ед aerate obscuration 
M ССМ Ы КОЕ ЕЕ occasional 
Мінді айы ЫЫ ннн minus; less Шап | ОСМЕ ананна ані occasionally 
МАГ5К.............. medium intensity approach | ОМТЗ........................................ over mountains 
lighting system | ОҚ рылыс абыр дары ДЪНА Oregon 
МААНАИ maximum МОА ЫН ыдан outlook 
МЮТ/МОР: ауадан те алі moderate: | OTRW ааа otherwise 
МЕСС ен нн НИНИН КАКЫ mërtging: КОЛ анан Иа out of service 
IVI анови абыздары Michigan/miles/shallow | ОМС... нынын overcast 
МОЈ зүн Аав Missouri | OVHD 25,2 ал анус ты наредна overhead 
МОСК адымды шады moderate ог greater ОУВС наа б мін абы» over 
MOV ЕЛЫК ОЛОК move 
МОМО нанне moved 
МОУСІМУС ни, moving 
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APPENDIX В AVIATION WEATHER 
P el Oe ee АА а eee surface 
ЖКК КК ООУ ОЛСЕ. plus; greater Шап | SG ais нав анааан snow grains 
POPN аманы i precipitation | SGFNT/SIG лз. significant 
PE oun ee ео И ы snare 5 За а а ао НО shower(s) 
PNHD н Е panhandle | ӘНІ ЛӘ; арда оа should 
а Rae ee Are on ЗА АА Meek eee УО Tey реак. ЕЗЕТ ные shifting 
PROW ND зерна ланы peak wind Ц: НЕМ, уне нон shallow 
РО ада well-developed dust/sand whirls | SHWRS нина showers 
РК er ОН ы aA partial | SIG CLD ылық тына significant cloud 
PRET N ы ЕН precautions SKO. самые АИ sky clear 
PRD он aves a Манағы репой. Әна нове а ЕНА solid 
PRES ЕЛАН ИЛИ nese Onesie ай ба pressure SLG КЕ алатыны Дара ОО О slight 
РКЕБЕ Канни pressure falling rapidly | ЅІР.................................. sea level pressure 
РКЕЎКЕК ыы дыры pressure rising rapidly |-Э-РО ьон sloping 
ЛЫҒЫ ЕК ТТ ЫНАНА possible | SLPNO........... sea level pressure not available 
РІМІРІМЕ ннн portion/portions | 91Ү .:. „аана southerly 
PY ЕНА Be Giudice de ate Т 5рїау» М ьн ао statute miles 
SMTH И ОКОЛО ЛОО rT ааа smooth 
R КГ ee ee ee АА snow 
| ЗЕН АНА eer ree ВРА О ООО runway | SPEECH cinco wise a special observation 
ИКСИ ТТК ТТТ СВЕ ee antes PATHS SPRDG is se cian а ылды ған Балды spreading 
КОСОН К С TEAMING iSO аиын ан ШАА squalls 
REPTD/RPRTD/RPTD .................... reported ЕВО ананкы squall line 
ХЕ ТИК ИГЕ RAO: SRN ЖЕШ alow ty аа аты СНААТА southern 
RMN н рын arson or ар ИКТ remain || S е ИЕК ИТЕ АК КА И e sand storm 
RMNDR ced awd ар тебін FEMIAING SE Б.Т ротадан АА АА И И stratus 
ROR сонови ња ass require: | STERA „зани stratofractus 
RID но ли дола: routine delayed observation | ТО... strong 
RV КАНИ ИРАК САСА runway visual range ЫЛЫНАН station 
КМО рн) RVR not available ТМЕК нна ВЕ stationary 
RWU шыннын rain shower intensity unknown | УК... ы several 
RWY RY асламы Сы ТОРЕНТИ runway | SWD/SWRD/SWWD .............. southwestward 
ӘМ Дыл УНИН snow showers or southwest 
S SINS олтар synopsis 
Бар РИ ЖО НИНА ЕИ tua Aus As South T 
Аавын КОТ sand | ТАЕ...................... terminal aerodrome forecast 
оС stratocumulus standing lenticular | ТЕ... thunder ended 
Clouds. | ГЕМРВ о ЬУ temperatures 
ЫШ КОЛА ЛОО ОЛ Scattered ТЕМ ннн еН thin 
ЮЖ ООЛО ООСО south. Dakota | THRU оа изненади вија through 
RE sags toes sigue via нано оо Иан southeast | ТН» шины ине нне нды МЫ thousand 
SECS ee eer eee sections- Т ВИА edad ee АА АЛ АЛ eam antes until 
BERN Baines southeastern | ТЅ/ТЅТМУ5.................................. thunderstorms 
БЕУ Маанаев КОКЕ severe -| TWR аа АА аЬ tower 
ЗЕ АО» беда лыны southeastward | TURB „иницијација turbulence 
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U WIND DIRECTIONS (8 POINTS) 
ШЕ нитни авијарна unknown precipitation 
TPR ОШО ЛОО КУЛ ГЕ: upper N eee eee -МОКТН-000° or 360° 
КС ыы иы Coordinated Universal Time | №Е ................................. —NORTHEAST-045° 
ШОЮ но updrafts апа downdrafts | Ени -ЕАЅТ-090° 
UNK/UNKN 56 аан unknown ЕЛ ЛЕТТІ —SOUTHEAST-135° 
TONS DBL ss ИКЕ КЕ К КОККЕ ИЛЕН ЗИ ЕС ранно ранна ннан —SOUTH-180° 
АЛЕ See ee unknown precipitation | Ѕ№................................ —SOUTHWEST-225° 
Wee ae ыл Ба ees —WEST-270° 
у NW ода анары ақш - МОКТНМУЕ5Т- 315? 
КИК УХ КЛ Л ОУК variable | For additional contractions, acronyms, апа 
ТАС ылар а РАСИ ea ease volcanic ash | locations not found in this Appendix, consult 
МСЄ/ЛМӨЄМ НҮ залын ырын дака vicinity | Section 14 of the AC 00-45Е, Aviation 
МЕК ee eee eee Visual Flight Rules | Weather Services, available at the following 
VIS ы Ски СЕ ЕИ ЗИ Ы avai visibility | location: http://www. faa.gov/avr/afs/afs400 
АМЕҮбмавовмынаолыне a чна valleys 
MOR лды ул еми Very high frequency/ 
Omni-directional Range 
МИ eee НТ visual range 
VRB/VRB арылы атаны variable 
VRY означија ы ae loans very 
VSBYDBR ............. visibility decreasing rapidly 
КАЛ ect УОЛ vertical visibility 
W 
о о ыдан қ а адыр West 
КИОТО Washington 
WBND сы ама aioe westbound 
КУД] УД икони ОООО ТОО widely 
Мба а сокаци wind shear 
М/5СОМР$................... wind shear conditions 
МИЗИНЕ ынан ырын tae ee: wind shif 
ҚУЛЫҚ манадан waters 
КЕФИР davies Saati И И ИЛИ a И weather 
X 
СРСР ашанын except 
ИОВ СИТИНИН extending 
Z 
КИНЕ E ЕЛАН РА ОИ ЕЛА Zulu Time (UTC) 
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APPENDIX C 


LOCATION IDENTIFIERS 
Abilene, TX КСТҮ.. 
Albuquerque, NM KCVG. 
Aberdeen, SD КРАВ. 
Albany, СА KDAL.. 
Waco, TX KDCA. 
Atlantic City, NJ KDDC. 
Ardmore, OK KDFW. 
England AFB, LA KDHN. 
Augusta, GA KDLE .. 
Waterloo, IA KDOV. 
Amarillo, TX KDRT.. 
Anniston, AL KDUA. 
Anderson, SC KDYR. 
Apalachicola, FL KDYS.. 
Walnut Ridge, AR KEFD.. 
Watertown, NY KELP... 
Atlanta, GA KEND.. 
Augusta, TA KEUG.. 
Austin, TX КЕАТ.. 
Asheville, NC KFBG.. 
Barksdale AFB LA KFDY.. 
Baltimore, MD KFFO .. 
Brookley VOR, AL KFLO.. 
Big Springs, TX КЕММ. 
Birmingham, AL КЕМҮ. 
Bismarck, ND KFOD.. 
Biloxi, MS КЕЅІ.... 
Boulder City, NV KFSM.. 
Blythe, CA КЕТҮ .. 
МавһуШе, ТМ KFWH. 
Boise, ID KFYV.. 

Boston, MA KGAG. 
Beaumont, TX КОСК. 
Brownsville, TX KGFA.. 
Bergstrom AFB, TX КСЕК.. 
Baton Rouge, LA KGGG. 
Bowling Green KY KGLS. .. 
Columbia, SC KGPT.. 
Columbus, MS KGRI... 
Caldwell, NJ КОКК. 
Childress, TX KGSO . 
Crestview, FL KGUS.. 
Chattanooga, TN KGUY. 
Chicago, IL KGWO 
Charleston, SC KHAR. 
Ceder Rapids, IA KHAT.. 
College Station, TX KHLR.. 
Charlotte, NC KHNN. 
Chanute, KS KHOT.. 
Cotulla, TX KHOU. 
Columbia, MO KHQM 
Corpus Christi, TX КАН... 
Crossville, TN КІСЛЫ 


E Cross City, FL 
AE SEEE ет: Cincinnatı, OH 
Daytona Beach, FL 
РН EAE Dallas, TX 
Washington, DC 
Dodge City, KS 
Fort Worth, TX 
Hey hated а атына Dothan, AL 
Loughlin AFB, TX 
Dover AFB, DE 
Del Rio, TX 
E E E ТКО. Durant, OK 
E A A Dyersburg, TN 
REEE ымы dates Dyess AFB, TX 
Ellington AFB, TX 
El Paso, TX 
КЕТКЕН ани тин пена Enid, OK 
Eugene, OR 
ИУ Sass Me tea АА Fresno, CA 
Fort Bragg, NC 
Findley, OH 
Wright Patterson AFB, OH 
Ue аа тай Сабан кан акан Біогепсе, 5С 
Farmington, ММ 
Fort Myers, FL 
Fort Dodge, IA 
МРТ ТКИ Fort Sill, ОК 
ie abuse ste ы асылық Fort Smith, AR 
Fulton County VOR, GA 
Carswell AFB, TX 
Fayetteville, AR 
КЕЛЕКЕ ККЕ Gage, ОК 
Garden City, KS 
ла и Great Falls, МТ 
Grand Forks, ND 
Longview, TX 
Galveston, TX 
EAE Ка ете РА Gulfport, MS 
Grand Island, NE 
балы НИ inher Gray AAF, TX 
РАСУ hens eae ды Greensboro, NC 
Grissom AFB, IN 
ККЕ ТЕКТЕ Guymon, ОК 
Greenwood, MS 
НЕКЕ СК кек Harrisburg, РА 
КИТТЕК Cape Hatteras, МС 
Fort Hood AAF, TX 
Henderson, WV 
Hot Springs, AR 
eae жалалы satel bition РА Houston, TX 
Hoquiam, WA 
Houston, TX 
Wichita, KS 
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KIGB аә Columbus, MS 
ЕТЕМ налан Wilmington, NC 
ЫЛЫҚ мыны ына маша des Wink, TX 
КІМІ ы ceca eases International Falls, MN 
КЈАМ Si осовини tenia Jackson, MS 
КЛАСЫН: Jacksonville, FL 
KL BE гишини зо бавна Latrobe, РА 
КЕБЕ оыс ыны North Platte, МЕ 
КЕҢ екелу ТЫ Алы ы» Liberal, KS 
KECH анадан вон ді» Lake Charles, LA 
WLU Аа дана қал арынан Lexington, КҮ 
ВК По ЛАК е о Lufkin, TX 
КЕН аа Мон сот Little Rock, АК 
КЕКЕ acs А I айк deceit ы: Laredo, TX 
KERE мамама со Little Rock, АК 
КЕТ sities eter ties Altus, OK 
UP шии ниацин Luke AFB, AZ 
КМСВ оаһайфадарындыдда McComb, MS 
КАМЕ земкис алы ак tat bs Meridian, MS 
ТЕМЕ Ма renni Memphis, TN 
КММ оын Montgomery, AL 
IIIA, ылы йынан ыт одено Miami, FL 
KMKC асасы оо Kansas City, МО 
КМЕВ» енне Melbourne, FL 
KM U book tte cides рыи С nthe Monroe, LA 
КЕМОВ;аосавы ы Еа Mobile, AL 
ЕМО аа О Minot, ND 
К МІВ анаи Martinsburg, WV 
BOISE, Асан оа Minneapolis, MN 
KMS оо ово New Orleans, LA 
КМХЕ: аы Maxwell AFB, AL 
МВВ сводот Navy Dallas, TX 
КМБ ныне Navy Glenview, IL 
KNBG оро New Orleans, LA 
КМЕН Ашен Нун chewy Navy Detroit, MI 
ҚЫН ЕРИК ИВАНА НЕА СИВАТА МА5 ҒаПоп, МУ 
КМБ аини, NAS Alameda, СА 
КАШ аала NAF China Lake, CA 
КАПР iinet ih Navy Jacksonville, FL 
KNKT eriiic MCAS Cherry Point, NC 
КМК NAS Miramar, СА 
КЕМИМ Navy Meridian, MS 
ҚЫРА cdo на Navy Pensacola, FL 
KNOA акеннин Navy Memphis, TN 
INDE аср а Navy Whiting Field, FL 
КАМЫ ИИК NALF Monterey, СА 
СМО адаа NAS Pt Mugu, CA 
ENTU алсада ори а дна Navy Oceana, УА 
КАША 2400 дығы NAS Saufley Field, FL 
КМІЛУ............... NAS Whidbey Island, WA 
KNXX оа ков Navy Willow Grove, PA 
KNZY шев ыны NAS North Island, СА 
КОБЕ едн Offutt AFB, NE 
КОКС Oklahoma City, OK 
КОКМ иди иннии ЫЫ Okmulgee, ОК 
КОМА... Omaha, Ме 
IONE қамынан йына Таны Newport, ОК 
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KORE (088.6 enacts nti Norfolk, VA 
КОВІ ллы ыкы КАЕ ЫЛА Orlando, FL 
KOUN дазыл зи анин Могтап, ОК 
КОХАВ шийки наат Cairns AFB, AL 
КРАН л Paducah, KY 
КРАМ қосылымы ыы Tyndall AFB, FL 
KEBI основната Palm Beach, FL 
КРЫхХоснасаваодаонииоандфағ Portland, OR 
RP | БИ ВЕЛАТ ИНИ Ы St. Petersburg, FL 
КРН сеир Philadelphia, PA 
КРИ талаи Phoenix, AZ 
KPIT ско новава нина Pittsburgh, РА 
КРКВ сы қынына ren ae Parkersburg, WV 
КРМ5 оо ae и сенді. Pensacola, FL 
KPOP нн Fort Polk, LA 
КРЕС ШЕТ Prescott, AZ 
KPR X едым Аы ыы лына Paris, TX 
FPSB ыра Ы ырақ қары Philipsburg, РА 
КРОВ вле ни а Ыы БЫ: Pueblo, CO 
КРУМ. we рува Portland, ME 
Е КАР атаны Rapid City, SD 
КЕРрвВ................................ Grand Forks, ND 
KRDU рабад ыы АТЫНЫҢ Raleigh, МС 
РАКЕТА СЕЛЕНГА March AFB, СА 
KRND ОНА Randolph AFB, TX 
КЕХМОсенсиавидандан Mette: Reno, NV 
KRWI ыалын арды Rocky Mount, NC 
KSAN ананна San Diego, Ca 
KSAT оар а іні San Antonio, TX 
КВА нин Мин: Santa Barbara, СА 
KS DB мы ылы теме eat Louisville, KY 
KS BAG 2а Жы ean Seattle, WA 
КЕМ. а ен Craig AFB, AL 
КБО енын: San Francisco, CA 
GLE ТТ cesar ЛОН? Springfield, MO 
KSHV ТТТ ИКЕ naak Shreveport, LA 
КӨП озым ыша шын San Angelo, TX 
КӨКЕ ызаны адын КеПу АЕВ, СА 
ССИ ОРЕН АКРА Salt Lake City, UT 
КӨМ нн: Salina, KS 
Қарады ыы dose tes Sheppard AFB, TX 
Ке о На St. Louis, МО 
KS UU рочната Travis AFB, CA 
КҮМ: нна Hunter AFB, GA 
КУНЕ wk обои Tallahassee, FL 
KPK блмим ваат Tinker AFB, ОК 
КТО акан sates Toledo, OH 
ТОР анны алың Торека, КЅ 
КОРЕ ышын ОИЕ ИА Temple, TX 
КЕРЕ вилник асови Bristol, TN 
КТШ aes ited Sect КАЕ қылы Tulsa, OK 
КТО анн Tucson, AZ 
КУЛ а ива Мооду АЕВ, СА 
КУРӘ еа одана ах Eglin AFB, FL 
КУВВАИ Vero Beach, FL 
KWRB................. Warner-Robbins AFB, GA 
КҮУҮКІ............................... McGuire AFB, МЈ 
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INTERNATIONAL IDENTIFIERS 

ІЗЕТ Рак ет елек Gatwick, England 

PGUA Andersen AFB, Guam, Mariana Islands 

БШО ааа қайды Madrid, Spain 

EDAH 2. Amsterdam, Holland 

STATE ABBREVIATIONS 

АЛабамаз сайысады даа ДЫНА AL Nebraskan а н ьан ааб МЕ 
ЕРИНЕ ЕИРНИЕНРТРУРИКУРЕТИР ИНИ КЕТ ИТО РИЯ АК Маа ары ы қаш МУ 
AZOA seid лады наны ады ПИ ЖЕ ОИ AZ New Натр ите ада МН 
АКВА алы ыы даа ыы АК ING Wy Жоға отары ЫН КОА ды МЈ 
American батоавьсасасозмараы ардан; А5 ЕМЕ Со ааа ааа йыз NM 
САШО а кин ашы онај CA ING WY OE НИТ ан ЫМ айлы аа дады: МҮ 
СОЮБ е ароматы ааа СО North Саға» ханды арыны NC 
CONNMECHOUR асаба ааа дыны ааа» СТ North ДІ іс ЕТЕККЕ ТЕКТЕ ND 
АРЛАНС DE Northern Mariana 151апа......................... CM 
District of Columbia нана DC ONO сыла ласы ЕИ ПИКЕ anor Sete ear? OH 
ІЙ 1973142: ТИСЕ МЕИНЕТЕКЕККЕ КЛИН И ТА FL Oklahoma лазии anita ass OK 
СВОГА жиыннын ынын Мини онай СА СОТОВОЙ аан брзата ОК 
елген аннан онны GU Репу Мама анынын РА 
ТАА на РИ алад анды ыша» НІ Púerto ТСО ыш данады ЫЛЫНЫЫ PR 
Idahon en а ахад ыы ID Rhode Island иинин иды RI 
ШИ ЕРЕКЕТ ыды КОС IL South Сағотта»асы салады вештаи 5С 
оого ота хызыл ынын о RE IN South Dakota...........cccccssscssccssssesstscsenceees SD 
Dy A ehh баша a teagan АС алынады IA TENNESSE ыш ыйинынды E РАЧЕ TN 
Kansas ааа а СИ ЛА са АА tae KS атов о ае да ылады д» ТТ 
ЕВИ КУ аЬ, КҮ Лара онен TX 
UNS TAINS ован ны нин ЫНДЫНЫ ГА ТИЕРИ таманы ыққа еы: аер, UT 
IM AMIN ао ЬН лы ыны ME Vermonta nerna ЕИ ды ыы ЛУ И ОВА VT 
Weary алайша ышана Ы ыы ығын MD МА ЧЕ ЕЛ ОКУ К КО УА 
Massachusetts „оини МА Nareit Islands аннан УІ 
МиИстоалрада аана МІ Washington ЕС ЕРЕН ТЕККЕ чиниите WA 
Minesota aiser ини MN West Virginia аа Ьа аА WV 
INESSISSIPD ИН АА ы ады ы а ы И И М5 WASCOTISIN, ыннаны ырыны аикын WI 
IVE SS OUI үү КАЕ алы СУ Ыы оа ОЧИ МО МҮуойийӨ sanla aan WY 
Montaja sensn eaa MT 
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SELECTED WEATHER INFORMATION RESOURCES 


Current as of October 2002 


Aviation Weather Center 


Homepage: http://www.awc-kc.noaa.gov/index.html 

Frequently Asked Questions: http://www.awc-kc.noaa.gov/info/faq.html 

Contractions frequently used in National Weather Service products: 
http://www.awc-kc.noaa.gov/info/domestic_contractions.html 


Direct User Access Terminal Service — Free access to СТЕ DUATS is available to U.S. pilots 
and student pilots who hold current medical certificates, flight instructors without current 
medicals, aviation ground instructors, glider/balloon pilots, and other approved users in the U.S. 
aviation community. 


http://www 1 .duats.com/ 


Landings.com Aviation Weather Information 


http://www.landings.com/_landings/pages/wthr/av_weather.html 


National Hurricane Center/Tropical Prediction Center 


http://www.nhc.noaa.gov 


National Oceanographic and Atmospheric Administration - Home Page 


http://www.noaa.gov/ 


National Weather Service 


Home Page: http://www.nws.noaa.gov/ 


Storm Prediction Center 


http://www.spc.noaa.gov/ 


USA Today Aviation Weather links 
http://www.usatoday.com/weather/wpilots0.htm 


The Weather Channel — Home Page 


http://www.weather.com 
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APPENDIX E 
ANSWERS TO STUDY QUESTIONS 


CHAPTER 1 
1. А 7. В 13. А 19. D 
2: B 8. C 14. D 20. B 
3. D 9. D 15. B 21 С 
4. В 10. В 16. D 
5. B 11. С 17. С 
б. С 12; р 18. р 
CHAPTER 2 
1 С 8. В 14. dew point 20. B 
2 A 9. С temperature 21. А 
3 А 10 А 15. D 22: cumuliform, 
4 D 11. D 16. stable unstable 
5 A 12. В 17. С 23. С 
6 D 13. saturated 18. С 24. В 
7 D 19. С 
СНАРТЕВ 3 
1 D 3. B 5. A 7. A 
C 4. В 6. С 8 А 
С 


Temper: Pressure Direction of Speed of Turbulence 
ature Movement Cloud Types 7% Color Code 
Change Movement Conditions 
Change (kts) 
SW to Falls then 
Colder сага оо | Cumatiform | оша | ве | 


Falls then PRY are 
SE to NW | Colder аса МЕ 20 Combination Combination Purple 
Occlusion 


Front rises 





CHAPTER 4 


т) 
оз 
т) 
сл 
о 
д 
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CHAPTER 5 
1. А cs B 13. С 19. С 25: A 
2. р 8. А 14. A 20. D 26. С 
3. В 9. В 15. D 21. B 
4. В 1. В 16. A 22. В 
Э; А ll. D Т12-.Е 23s А 
6. р 12. А 1. В 24. B 


E-2 Answers to Study Questions 


